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It  Is  the  rule  in  hemolytic  experiments  to  take  for  granted  that 
the  erythrocytes  of  all  healthy  animals  of  one  species  possess  the 
same  general  resistance  to  the  hemolysin  employed.  Titer-figures 
are  based  on  this  assumption.  And  inasmuch  as  the  results  from 
their  use  are  consistent,  the  point  would  seem  to  be  well  taken.  Yet 
there  have  been  few  direct  observations  to  prove  it. 

With  regard  to  the  resistance  of  pathological  red  cells  to  specific 
hemolysins  we  have  only  meager  data.  The  studies  in  vogue  at 
present  of  the  behavior  of  human  erythrocytes  when  placed  in 
serum  from  another  individual  hardly  bear  on  the  matter  because  of 
the  many  complex  and  unregulated  forces  involved.  N.  Chkliare- 
vitch^  and  G.  Bielonovsky^  are  quoted^  as  having  tested  a  series  of 
pathological  bloods  with  a  specific  hemolysin;  but  their  papers  are 
not  accessible.  Observations  of  the  sort  have  more  than  an  academic 
interest,  in  view  of  the  role  played  by  hemolysins  in  disease.  De¬ 
spite  Ehrlich’s®  demonstration  that  the  red  cells  possess  different 
receptors  for  each  serum-hemolysin,  there  are  not  a  few  to  insist 
with  Nolf,®  that  the  mechanism  of  hemolysis  by  specific  serums, 
and  by  agents  of  simpler  chemical  constitution,  is  identical  in  prin¬ 
ciple  with  that  by  distilled  water.  Some  have  based  large  infer¬ 
ences  as  regards  the  red  cell  and  hypothetical  disease-hemolysins 
on  the  behavior  of  these  cells  in  hypotonic  salt  solution.  True, 

^Received  for  publication  Aug.  20,  1909. 

*  N.  Chkliarevitch,  Ann.  de  I’Acad.  mle.  milit.  de  St.  Petersburg,  1901. 
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Morawitz  and  Pratt*  have  shown  that  injections  of  phenylhydra- 
zin  increase  the  resistance  of  the  corpuscles  of  the  rabbit  to  all 
types  of  hemolysins.  On  the  other  hand  Rywosch,®  studying  the 
normal  erythrocytes  of  ten  species,  found  their  relative  behavior  to 
vary  much,  according  as  water,  saponin,  chloroform,  acetone,  sul¬ 
phuric  acid  or  potassium  hydroxide  was  used  as  the  laking  agent. 
In  general,  the  more  resistant  corpuscles  were  to  saponin,  the  less 
resistant  were  they  to  water.  WeiP  asserts  that  erythrocytes  ren¬ 
dered  resistant  to  eel  serum  or  to  saponin  by  injections  of  the  agent 
into  the  animal  furnishing  the  erythrocytes  are  “  almost  invariably 
more  easily  destroyed  than  normal  control  cells,  by  all  other  hemo¬ 
lytic  agencies  including  anisotonic  salt  solution.”  So  much  there  is 
to  ppint  against  wide  deductions  from  the  test  of  corpuscle  resistance 
to  salt  solution. 

But  as  has  been  said,  there  are  available  no  data  which  illustrate 
the  resistance  of  human  red  cells,  normal  and  pathological,  to  a 
hemolysin  specific  for  them.  Such  data  would  certainly  bear  on  the 
value  of  clinical  determinations  of  corpuscle  resistance,  and  further, 
might  furnish  some  insight  on  those  diseases  characterized  by  blood 
destruction, — though  in  view  of  the  considerations  just  cited,  this 
seems  doubtful. 

In  the  following  pages  are  presented  results  from  the  test  with  a 
specific  hemolysin  of  107  blood  specimens, — 26  from  normal  human 
beings  and  81  from  persons  suffering  from  disease. 

METHOD. 

In  order  to  simulate  in  some  degree  the  condition  of  affairs  when  a  specific 
hemolysin  (amboceptor)  is  introduced  into  the  circulation,  human  serum  was 
used  as  complement  in  the  tests. 

For  the  hemolytic  amboceptor  rabbits  were  repeatedly  injected  with  washed 
human  corpuscles,  collected  from  the  placental  end  of  the  cord  at  normal 
labor.  Immunization  of  the  rabbits  proved  difficult,  necessitating  ten  to  twelve 
intraperitoneal  injections  (2.5  to  s  cubic  centimeters  of  washed  cells  at  intervals 
of  four  to  seven  days)  before  the  serum  acquired  a  working  strength.  Even 
then  at  least  o.i  cubic  centimeter  of  it  (inactivated  at  56°  for  thirty  minutes)  was 
required  to  give  complete  hemolysis  of  i.o  cubic  centimeter  S  per  cent,  red  cor¬ 
puscles,  in  the  presence  of  abundant  human  complement.  With  guinea-pigs’ 
serum  as  complement  the  hemolysin  is  much  more  active. 

'  P.  Morawitz  and  J.  Pratt,  Miinchcner.  med.  Woch.,  1908,  Iv,  1817. 

*  D.  Rywosch,  Arch.  f.  d.  ges.  Physiol.,  1907,  cxvi,  220. 

*  R.  Weil,  Proc.  of  the  Soc.  for  Exper.  Biol,  and  Med.,  1909,  vi,  49. 
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To  obtain  human  serum  for  use  as  complement,  fifteen  to  twenty  cubic 
centimeters  of  blood  were  aspirated  from  the  brachio-cephalic  vein  of  a  normal 
adult,  or  of  a  well-nourished  convalescent  from  a  non-infectious  malady.  That 
normal  serum  will  hemolyze  the  corpuscles  of  some  pathological  states  has  long 
been  known.  Accordingly  controls  were  made,  that  this  source  of  error,  when 
present,  might  be  noted.  Fortunately  the  hemolysis  manifested  itself  only  occa¬ 
sionally  and  very  faintly  in  the  dilutions  employed  in  this  work.  Again  it  must 
be  remembered,  as  affecting  hemolysis,  that  certain  normal  sera  will  agglutinate 
the  red  cells  of  certain  other  individuals.  But  the  rabbit  serum  used  as  ambo¬ 
ceptor,  being  polyvalent,  strongly  agglutinated  all  the  corpuscles  tested ;  and  thus 
a  second  source  of  error  was  disposed  of.  There  remains  to  be  considered  the 
protective  influence  of  the  small  quantity  of  human  serum  present.  That  this 
might  interfere  with  the  tests  by  a  selective  action  is  possible,  and  the  controls 
do  not  rule  it  out.  But  the  results  suggest  no  such  influence.  To  complement 
one  unit  of  rabbit  amboceptor  that  it  may  hemolyze  completely  i.o  cubic  centi¬ 
meter  5  per  cent,  red  corpuscles  at  least  0.13  to  0.2  cubic  centimeter  of  human 
serum  is  required.  The  serum  was  taken  from  the  clot  and  used  after  it  had 
stood  3  to  5  hours  in  contact  with  it. 

For  all  the  tests  that  follow  o.i  cubic  centimeter  of  complement-serum,  made 
to  0.5  cubic  centimeter  with  0.85  per  cent,  salt  solution,  was  mixed  with  a  second 
0.5  cubic  centimeter  containing  the  amboceptor-serum,  and  0.5  cubic  centimeter 
of  the  5  per  cent,  emulsion  of  red  corpuscles  added.  Thus  in  each  tube  there 
was  a  uniform  volume  of  1.5  cubic  centimeters.  Incubation  was  for  two  hours 
at  37°  C. 

The  following  experiment  was  performed  to  determine  whether 
normal  human  sera,  obtained  under  identical  conditions  and  used 
as  complement,  differ  sufficiently  to  interfere  with  the  comparison 
of  hemolytic  series  of  which  they  are  a  part. 

Experiment  I. — A  small  quantity  of  blood  was  taken  from  the 
ear  of  each  of  six  healthy  adult  males,  and  each  serum,  after  three 
hours  on  the  clot,  was  used  to  complement  a  hemolytic  series.  In 
all  six  of  these  the  same  emulsion  of  washed  human  corpuscles  and 
the  same  dilutions  of  amboceptor  were  employed. 


Hemolysis. 


Amboceptor : — 

Ac.c. 

Ac.c. 

Ac.C. 

iJu  c.c. 

sii  c.c. 

iJ®  c.c. 

Hemolysis  with  comple¬ 
ment-serum  alone. 

Complement-sera 
Nos.  I,  2,  3,  4,  5. 
Complement-serum 
No.  6. 

Strong  j 

Mod. 

Slight 

Trace  j 

Faint 

trace 

0 

0 

.Strong 

1  Mod. 

Slight 

Trace 

Faint 

trace 

Faintest 

trace 

Faintest  trace '® 

“  Complement-serum  is  itself  blood-stained,  which  accounts  for  the  apparent 
hemolysis  here  observed. 
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Here  the  normal  sera  used  as  complement  gave  identical  results. 
In  the  later  work  similar  findings  were,  in  general,  obtained.  But 
W.  L.  Moss^^  has  recently  discovered  that  some  normal  human 
sera  in  full  strength  will  hemolyze  other  normal  human  corpuscles. 
With  the  dilutions  that  I  have  employed,  this  was  several  times 
noted,  though  only  as  the  faintest  trace  of  hemolysis.  The  error 
so  introduced  has  been  duly  recognized  in  casting  up  results. 

Since  many  negro  patients  were  available  it  became  important  to 
know  whether  the  erythrocytes  from  white  and  colored  persons 
show  the  same  degree  of  resistance  to  the  specific  hemolysin.  Ac¬ 
cordingly,  two  sets  of  rabbits  were  immunized,  the  one  with  blood 
from  negro  deliveries,  the  other  with  that  from  whites,  and  com¬ 
parative  tests  conducted.  The  following  is  a  typical  one. 

Experiment  II. — ^The  corpuscles  and  complement-sera  were  ob¬ 
tained  from  normal  adults. 


Hemolysis. 


Complement. 

Amboceptor, 

R.  b.  c. 

ic.c. 

A  c.c. 

iJj  c.c.  Amboceptor. 

Negro  A 

Rabbit-Negro 

Negro  B 

Complete 

Slight 

Faintest  Tr. 

(4 

White  X 

<( 

44 

tf 

Rabbit-White 

Negro  B 

44 

44 

44 

a 

44 

1 

White  X 

44 

Mod. 

0 

White  X 

Rabbit-Negro 

Negro  B 

Complete 

Mod. 

Tr. 

44 

White  X 

Tr, 

(t 

Rabbit-White 

Negro  B 

Almost 

Slight 

(t 

0 

4( 

44 

White  X 

“ 

0 

Negro  C 

Rabbit-Negro 

44 

Negro  B 

Complete 

(( 

Mod. 

Tr. 

White  X 

Tr. 

Rabbit-White 

Negro  B 

“ 

Slight 

«( 

0 

it 

44 

White  X 

0 

The  findings  correspond  to  those  of  Marshall  and  Teague*^  with 
specific  precipitins.  The  immune  sera  differed  in  general  strength, 
but  no  difference  in  their  action  on  the  corpuscles  of  the  two  races 
could  be  made  out.  So  the  majority  of  the  rabbits  were  immunized 
with  blood  from  whites  and  blacks  indiscriminately.  The  serum 
for  use  as  complement  was  always  taken  from  a  white  person. 

The  erythrocytes  to  be  examined  were  caught  in  a  sodium  citrate 

“  Personal  communication. 

“H.  T.  Marshall  and  O.  Teague,  Philippine  Jour,  of  Science,  1908,  iii,  357. 
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solution  (i  per  cent,  or  1.5  per  cent,  in  0.85  per  cent,  salt  solution), 
washed  twice  in  0.9  per  cent,  salt  solution,  and  made  to  a  uniform 
5  per  cent,  emulsion  with  it.  The  influence  of  these  solutions,  and 
of  the  washing,  to  alter  corpuscle  resistance  could  not  be  avoided. 
But  the  specimens  in  each  set  of  tests  were  treated  alike,  even  to 
length  and  speed  of  centrifugalization,  and  the  results  compared, 
not  with  an  alien  standard,  but  with  normals  included  in  the  same 
set ;  so  this  influence  is,  as  far  as  may  be,  distributed  equally.  Mix¬ 
ing  and  incubation  were  carried  out  immediately  after  the  specimens 
had  been  washed.  The  tubes  were  allowed  to  stand  over-night  in 
the  ice-chest  before  readings  were  made. 

That  the  erythrocyte-emulsions  should  be  comparable,  it  was 
needful  for  them  to  be,  not  5  per  cent,  emulsions  of  cells,  or  5  per 
cent,  emulsions  of  hemoglobin,  but  5  per  cent,  emulsions  of  that 
special  element  involved  in  hemolysis.  Most  authors  agree  that  this 
is  the  stroma.^®  In  attempt  to  measure  this  graduated  centrifuge 
tubes  were  used  for  the  last  washing,  centrifugalization  kept  at 
high  speed  until  the  sediment  had  reached  a  constant  bulk,  the 
amount  read  off,  and  an  accurate  5  per  cent,  emulsion  by  volume 
made  from  it.  The  general  behavior  of  the  red  cells  when  packed 
together, — as  observed,  for  example,  during  the  process  of  throm¬ 
bosis  in  the  frog’s  tongue, — makes  it  seem  certain  that  in  a  sedi¬ 
ment  got  by  the  above  method  the  individual  erythrocytes  are  not 
rigidly  tangent  to  one  another,  like  apples  in  a  barrel,  but  are  very 
closely  apposed.  Thus  an  error  in  the  measurement  of  stroma, 
due  to  variation  of  the  average  cell-size  in  pathological  states,  is 
ruled  out. 

Far  more  important  should  be  the  error  through  variation  in 
the  quantitative  relationship  of  stroma  and  those  other  elements 
which  go  to  make  up  the  corpuscular  mass.  Yet  that  the  method 
as  outlined  yields  an  accurate  standard  emulsion  for  hemolytic 
work  is  made  clear  by  the  demonstration  with  it  that  the  resis¬ 
tance  of  most  bloods,  even  those  very  pathological,  is  the  same. 
Results  with  a  5  per  cent,  emulsion  made  in  the  usual  way,  by 
pipetting  the  semi-solid  mass  of  corpuscles  from  the  bottom  of  a 

“Bordet,  Ann.  de  I’lnst.  Pasteur,  1900,  xiv,  257;  P.  Nolf,  ibid.,  656.  Ford 
and  Halsey,  Jour,  of  Med.  Research,  1904,  xi,  403. 
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centrifuge  tube,  and  adding  to  it  nineteen  times  its  volume  of  salt 
solution,  had  previously  led  me  to  suppose  that  the  resistance  varied 
within  wide  limits. 

To  reduce  the  sediment  of  red  cells  to  a  constant  volume,  centri- 
fugalization  must  be  maintained  at  the  high  speed  of  an  electric 
machine  for  from  twenty  to  forty-five  minutes.  When  the  sedi¬ 
ment  is  once  well  packed,  further  centrifugalization,  even  though 
much  more  forcible,  fails  to  disturb  its  volume.  This  was  well 
proven  by  several  tests.  The  following  is  a  characteristic  result ; 

Five  minutes  centrifugalization  sedimented  the  corpuscles  to  an  initial  bulk 
of  2.1  cubic  centimeters.  With  a  continuance  of  the  same  speed  of  the  machine 
the  sediment  had  contracted  to  i.8  cubic  centimeters  after  24  minutes,  1.75 
cubic  centimeters  after  34  minutes,  1.72  cubic  centimeters  after  40  minutes,  and 
after  49  minutes  to  1.70  cubic  centimeters.  Prolonged  centrifugalization  at 
twice  the  former  speed  failed  now  to  change  the  reading. 

It  is  best  to  employ  enough  blood  to  yield  a  considerable  bulk  of 
cells,  so  that  the  error  of  reading  may  be  minimized.  For  most  of 
the  tests  sufficient  whole  blood  was  taken  to  yield  at  least  0.5  cubic 
centimeter  of  sediment.  This  involved  as  much  as  5  cubic  centi¬ 
meters  of  whole  blood  from  those  cases  of  pernicious  anemia  that 
showed  a  red  count  of  less  than  one  million  cells.  All  of  the  speci¬ 
mens  were  obtained  from  the  lobe  of  the  ear. 

It  may  be  urged  that,  while  the  5  per  cent,  emulsion  is  made  up  in 
terms  of  stroma,  its  destruction  is  read  off  in  terms  of  hemoglobin, 
and  that  the  two  do  not  necessarily  vary  together.  This  would 
seem  an  important  objection  to  the  method.  According  to  Capps^^ 
the  quantitative  relation  of  hemoglobin  to  cell-volume  varies  con¬ 
siderably  in  both  primary  and  secondary  anemias.  This  does  not 
mean  that  the  quantitative  relation  of  hemoglobin  to  stroma  neces¬ 
sarily  is  altered.  As  has  been  said,  the  vast  majority  of  blood- 
specimens,  normal  and  pathological,  dealt  with  by  the  method  ex¬ 
hibit  a  similar  resistance  to  the  specific  hemolysin ;  and  this  although 
the  emulsions  for  test  were  made  up  in  terms  of  cell-bulk  and  read 
in  those  of  hemoglobin  liberated.  So,  apparently,  the  quantitative 
relation  of  hemoglobin  to  stroma,  or,  to  put  it  differently,  of  hemo¬ 
globin  liberation  to  stroma  destruction  by  the  specific  hemolysin, 
cannot  be  in  this  connection  an  important  variable. 

’‘J.  A.  Capps,  Jour,  of  Med.  Research,  1903,  x,  367. 
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The  individual  red  cells  of  one  blood  differ  much  in  their  resis¬ 
tance  to  a  laking  agent  hence,  the  determination  merely  of  the 
point  of  beginning  hemolysis  is  not  sufficient.  Smith  and  Browffi® 
have  accurately  indicated  with  curves  the  per  cent.  , of  breaking  down 
in  salt  solutions  of  different  tonicity.  Most  authors  have  ascer¬ 
tained  only  the  points  of  beginning  and  of  complete  hemolysis  (thus 
of  minimum  and  of  maximum  resistance),  with  such  data  concern¬ 
ing  average  resistance  as  could  be  incidentally  noted.  This  was 
thought  sufficient  for  the  present  work. 

A  considerable  number  of  cells  is  necessary  to  bring  out  by  sharp 
color  change  the  limits  of  hemolysis,  and  for  this  reason  a  5  per 
cent,  emulsion  was  chosen.  It  proved  satisfactory  where  minimum 
resistance  was  concerned,  but  gave  so  heavy  a  tint  to  the  tubes  indi¬ 
cating  maximum  resistance  that  the  character  of  the  sediment  had 
also  to  be  relied  on  for  the  determination.  The  Neisser-Wechs- 
berg  phenomenon  interfered  not  infrequently.  On  the  whole,  the 
minimum  resistance  and  resistance  of  the  bulk  of  the  cells  were 
more  accurately  gauged. 

RESISTANCE  OF  NORMAL  RED  CELLS. 

Experiment  III. — Corpuscles  were  obtained  £rom  eight  healthy 
young  men.  The  same  complement  and  the  same  amboceptor  were 
employed  in  testing  each  specimen. 


Hemolysis. 


R.  b.  c. 

i  c.c. 

i  c.c. 

A  c.c. 

A  c.c. 

Ac.c. 

yIx  c.c.  Amboceptor. 

Nos.  I,  2,  5,  7 

Strong 

Strong 

Mod. 

Slight 

Faint  trace 

0 

Nos.  3,  4 

Strong 

Strong 

Mod. 

Slight 

0 

0 

No.  8 

Strong 

Strong 

Mod. 

Slight 

Faintest  trace 

0 

No.  6 

Strong 

Strong 

Mod. 

Slight 

Trace 

0 

Unfortunately  no  comparison  of  the  maximum  resistances  is 
yielded  here.  But  the  work  on  pathological  cases  gave  opportunity 
for  this,  since  it  entailed  the  use  of  two  normal  specimens  as  control 
to  each  set  of  tests.  In  this  way  twenty-six  normal  specimens  came 

“  Hamburger,  Osmotischer  Druck.  u.  lonenlehre,  Wiesbaden,  1902,  Vol.  i. 
Theobald  Smith,  Jour,  of  Med.  Research,  1904,  xii,  385. 

'*T.  Smith  and  H.  R.  Brown,  Jour,  of  Med.  Research,  1906,  xviii,  425. 
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under  observation.  Always  six  to  eight  dilutions  of  amboceptor 
were  employed  to  define  the  range  of  resistance.  It  was  found  that 
the  individuals  of  each  of  the  thirteen  couples  differed  in  their 
minimum  resistance  only  within  the  limits  illustrated  by  the  al:*ove 
table,  and  that  they  had  always  the  same  maximum  resistance,  and, 
above  all,  the  same  average  resistance.  Even  the  slight  differences 
in  minimum  resistance  were  sometimes  to  be  traced  to  a  selective 
hemolytic  action  of  the  complement-serum. 

Example. — Normals  of  Series  XL 


Hemolysis. 


Amboceptor. 

Hemolysis 
with  comple¬ 
ment-serum 
alone. 

Jc.c. 

Jc.c. 

Ac  c- 

A  C.C. 

A  C.C. 

A  C.C. 

iJl  C.C. 

sJl  C.C. 

No.  I 

No.  2 

Comp. 

Comp. 

Almost  -f- 

Comp.  — 

Very 

strong 

Very 

strong 

Moderate  -|- 

Strong  -(- 

Moderate 

Moderate 

Slight 

Slight  + 

Trace 

Trace 

o 

Faintest 

trace 

O 

Faintest 

trace 

The  generalization  seems  justified  that  the  resistance  of  the 
erythrocytes  of  healthy  men  to  a  specific  hemolysin,  obtained  by  the 
injection  into  rabbits  of  human  red  cells,  is  practically  a  constant 
when  human  serum  is  used  as  complement. 

At  first  an  attempt  was  made  to  express  all  results  in  terms  of  a 
standard  immune  serum.  But  the  very  slight  variations  met  with, 
even  in  pathological  instances,  as  well  as  the  many  lots  of  serum 
employed  rendered  this  both  unnecessary  and  difficult.  So  each  set 
of  observations  was  made  complete  in  itself  by  the  inclusion  of  two 
normal  blood-specimens  as  a  standard. 

To  draw  general  conclusions  from  such  entities  one  must  be  cer¬ 
tain  that  the  different  rabbit  sera  act  in  relatively  the  same  manner 
on  all  the  bloods  tested.  As  Ehrlich  and  Morgenrotffi'^  have 
shown  in  their  study  of  goat  isolysins,  it  does  not  by  any  means  fol¬ 
low,  because  the  serum  of  individual  A  hemolyzes  better  the  ery¬ 
throcytes  of  B  than  those  of  C,  that  the  serum  of  individual  D 
will  act  in  like  manner.  Yet  it  might  reasonably  be  hoped  that  with 
polyvalent  sera,  such  as  those  here  employed,  this  would  be  found 

"Ehrlich  and  Morgenroth,  loc.  cit. 
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true  in  general.  No  direct  investigation  on  the  point  was  made, 
because  suitable  cases  were  rare  and  only  a  large  range  of  them 
could  even  approximately  bring  out  the  fact  for  each  new  serum 
employed.  But  instances  in  the  body  of  the  work  may  be  taken 
to  indicate  that  the  different  sera  give  relatively  the  same  result: — 

Blood  from  a  patient  with  pernicious  anemia,  which  showed  a 
lessened  minimum  resistance  to  the  hemolysin,  was  tested  with  a 
second  serum.  The  same  finding  was  obtained.  In  a  case  of  acute 
lymphatic  leukemia  the  lessened  minimum  resistance  to  one  serum 
existed  also  for  another.  So  too  the  increased  minimum  resistance 
noted  in  the  blood  of  a  patient  with  hemophilia  was  evident  with 
each  of  two  amboceptor-sera.  The  sera  for  all  of  these  parallel 
observations  came  from  rabbits  which  had  been  immunized  with 
different  bloods.  The  variations  in  resistance  dealt  with  were  but 
slight. 

RESISTANCE  OF  THE  RED  CELLS  IN  DISEASE. 

The  resistance  of  the  erythrocytes  from  68  hospital  patients, 
most  of  them  severely  ill,  was  tested.  The  condition  of  the  blood 
was  accurately  known  in  nearly  all.  All  except  three  were  adults. 
When  a  variation  from  the  normal  resistance  was  encountered  a 
second  test  was  usually  made,  after  an  interval  of  some  days.  Thus 
it  was  brought  out  that  the  slight  variations  observed  were  not  due 
to  error,  and  that  they  sometimes  persisted  over  a  period  of  weeks. 

In  1 1  of  the  68  cases,  an  abnormality  of  the  resistance  was  found. 
Since  a  special  attempt  was  made  to  include  cases  in  which  a  varia¬ 
tion  was  probable,  these  figures  exaggerate  greatly  the  relative  pro¬ 
portion  of  abnormal  bloods.  Taking  hospital  patients  as  they  come, 
the  proportion  would  be  found  very  much  smaller,  certainly  not 
more  than  one  or  two  per  cent,  of  the  total  number.  In  com¬ 
paratively  few  diseases,  and  most  of  these  unusual,  was  the  resis¬ 
tance  abnormal:  in  the  primary  anemias  (4  cases  out  of  5),  hemo¬ 
philia  (2  cases),  jaundice  from  various  causes  (4  cases  out  of  10), 
uncinariasis  (i  case)  and  nephritis  (i  case  out  of  5).  On  the 
other  hand,  it  was  unchanged  in  typhoid  (6  cases),  tuberculosis  (6), 
carcinoma  (5),  gastric  ulcer  (4),  chronic  valvular  endocarditis  (3), 
simple  anemia  (3),  empyema  (2),  croupous  pneumonia,  paraty¬ 
phoid  fever,  pleurisy  with  effusion,  arthritis  deformans,  portal  ob- 
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struction,  neurasthenia,  septicemia,  thoracic  aneurism,  rheumatic 
fever,  tertiary  syphilis,  trichinosis,  gas  poisoning  (stupor),  and 
double  tertian  malaria  (one  case  of  all  these).  The  patient  with 
malaria  was  very  anemic, — red  cells  2,400,000  per  cubic  millimeter, 
hemoglobin  40  per  cent.  It  is  interesting,  though  not  surprising,  in 
view  of  the  specificity  of  serum  hemolysins,  that  the  injury  done  by 
carbon  monoxide,  and  by  the  malarial  parasites  was  without  effect 
on  corpuscle  resistance  to  the  rabbit-amboceptor. 

A  severe  grade  of  secondary  anemia  is  compatible  with  quite  nor¬ 
mal  resistance.  To  test  cases  in  which  the  blood  was  in  poor  con¬ 
dition  had  been  taken  as  one  aim  of  the  work ;  and  thus  it  happened 
that  of  the  whole  number  of  patients  (68)  there  were  but  thirteen 
in  which  a  considerable  anemia  was  absent.  The  red  cells  were  fre¬ 
quently  between  2,500,000  and  3,500,000  per.  cubic  millimeter,  the 
hemoglobin  between  40  and  60  per  cent.  Yet  in  all  except  two  of 
the  41  cases  of  secondary  anemia  unaccompanied  by  jaundice  the 
resistance  was  normal.  In  one  instance  there  were  but  1,600,000 
red  cells  per  cubic  millimeter,  yet  the  resistance  was  unchanged. 
Summing  up,  it  may  be  said  that  in  the  acute  infections,  in  tubercu¬ 
losis,  in  malignant  disease,  and  in  well-marked  secondary  anemia 
from  other  causes  the  resistance  of  the  corpuscles  to  our  specific 
hemolysin  is  rarely  disturbed.  This  is  of  a  piece  with  the  behavior 
of  tissue  in  general  under  the  conditions  of  disease.  It  is  the 
exception  to  find  that  a  specific  pathological  process  brings  about 
pan-susceptibility. 

Such  abnormalities  of  the  resistance  as  occurred  were  never  very 
marked.  Indeed  in  most  instances  they  were  so  slight  as  to  call  for 
a  repetition  of  the  test.  It  may  again  be  stated  here  that  for  the 
determination  of  corpuscle  resistance  six  to  eight  dilutions  of  am¬ 
boceptor  were  used,  ranging  from  one  that  gave  complete  hemolysis 
of  normal  blood  to  one  which  produced  no  hemolysis  whatever. 

The  deviation  from  the  normal  most  often  seen  was  a  lessening 
of  the  minitnnm  resistance.  Hemolysis  took  place  in  the  presence 
of  an  amount  of  amboceptor  that  produced  no  visible  effect  on 
normal  blood-cells;  and  there  was  more  of  it  than  usual  in  those 
tubes  arranged  for  weak  and  moderate  hemolysis.  Charts  I  and  II 
illustrate  well  the  type  of  change,  and  its  persistence. 


Almost  complete 


Charts  I  and  II.  Resistance  of  erythrocytes  from  a  case  of  lymphatic  leu¬ 
kemia  (broken  line)  as  contrasted  with  the  resistance  of  normal  erythrocytes. 
Two  normals  were  used  as  a  standard  in  each  test. 


774 


Resistance  to  a  Specific  Hemolysin. 


These  charts  represent  the  findings  in  a  case  of  lymphatic  leu¬ 
kemia  (red  cells  2,500,000,  white  cells  19,000  per  cubic  millimeter). 
Eight  days,  during  which  the  patient’s  condition  changed  slightly 
for  the  worse,  intervened  between  the  tests.  Another  case  of  leu¬ 
kemia,  this  of  spleno-myelogenous  type,  came  to  hand,  and  here  the 
same  abnormality  of  corpuscle  resistance,  of  similar  extent,  was 
repeatedly  noted.  Unfortunately  the  blood  contained  such  a  large 
proportion  of  white  cells  (536,000  per  cubic  millimeter,  as  com¬ 
pared  with  2,026,000  erythrocytes)  that  it  was  impossible  to  make 
an  emulsion  of  the  standard  5  per  cent.;  and  so  the  results  are  in¬ 
exact.  No  such  source  of  error  was  present  in  the  patient  with 
lymphatic  leukemia.  Controls  from  which  the  amboceptor  was 
omitted  proved  that  the  marked  hemolysis  could  not  be  due  in 
either  instance  to  digestion  with  a  leukocytic  enzyme. 

The  blood  from  three  cases  of  pernicious  anemia  was  examined. 
Two  of  these  were  in  serious  condition,  with  the  red  cells  at 
944,000  and  1,048,000  per  cubic  millimeter  respectively,  and  the 
hemoglobin  at  25  and  20  per  cent.  The  erythrocytes  of  both  of 
these  showed,  in  repeated  tests  at  intervals  of  several  days,  a  les¬ 
sened  minimum  and  average  resistance,  resembling  that  of  Charts 
I  and  II,  and  approaching  it  in  extent.  The  third  patient  was  in 
good  condition,  her  red  cells  2,500,000  per  cubic  millimeter,  and  her 
corpuscle-resistance  within  normal  limits. 

Some  may  object  that  in  these  very  pathological  bloods  the  quanti¬ 
tative  relation  of  hemoglobin  to  stroma  is  probably  so  changed  that 
the  amount  liberated  of  the  former  but  poorly  indicates  the  destruc¬ 
tion  present,  and  thus  the  degree  of  resistance.  The  matter  has  al¬ 
ready  been  partially  discussed.  Capps^®  states  that  in  pernicious 
anemia  the  cell-volume  is  more  increased  than  the  hemoglobin  con¬ 
tent.  Granted  that  the  volume  of  a  cell  and  its  amount  of  stroma 
vary  in  general  together,  then  in  pernicious  anemia  the  hemoglobin 
as  compared  with  stroma  should  be  relatively  less  than  normal. 
But  it  so  happens  that  in  these  very  cases  liberation  of  coloring- 
matter  by  the  specific  hemolysin  is  unusually  marked.  The  stroma 
destruction  should  be  greater  still,  and,  therefore,  the  erythrocyte- 
resistance  even  less  than  that  indicated  by  “  hemolysis  ”  present. 


“J.  A.  Capps,  loc.  cit. 
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Whether  these  inferences  are  warranted  in  our  present  uncertainty 
about  the  processes  involved  in  the  destruction  of  the  red  cell  seems 
doubtful.  But  they  are  given  for  what  they  may  be  worth  as 
affecting  a  point  that  inevitably  comes  up  for  discussion. 

In  view  of  results  with  the  specific  hemolysin,  it  is  interesting  to 
note  that  several  observers  have  found  in  pernicious  anemia  an 
increased  resistance  of  the  erythrocytes  to  hypotonic  salt  solution. 
On  this  basis  they  have  argued  for  the  presence  of  an  auto¬ 
hemolysin,  with  a  consequent  auto-immunization  of  the  red  cells. 
Not  only  do  the  few  observations  hefe  recorded  point  against  such 
inferences,  but  a  direct  comparison  of  the  resistance  of  the  same 
corpuscles  to  salt  solution  and  to  the  hemolysin  proves  them  un¬ 
warranted, — as  will  be  shown  further  on  in  this  paper. 

The  low  resistance  to  the  hemolysin  observed  in  primary  anemias 
gains  in  significance  when  contrasted  with  the  resistance  in  secon¬ 
dary  ones.  Putting  aside  jaundice  cases  (which  may  with  good 
reason  be  classed  separately)  there  were,  as  has  been  said,  41  cases 
in  which  secondary  anemia  was  well-marked.  In  only  one  of  these 
was  resistance  to  the  hemolysin  lowered.  The  patient  was  a  negro 
with  uncinariasis  (red  cells  4,400,000  per  cubic  millimeter,  hemoglo¬ 
bin  47  per  cent.).  The  variation  from  the  normal  was  of  the  same 
type  and  as  considerable  as  that  charted  for  the  primary  anemias. 
No  second  test  was  made.  In  three  other  cases  (two  of  tubercu¬ 
losis,  one  of  infective  endocarditis)  an  apparent  lessening  of  the 
resistance  was  ruled  out,  because  controls  showed  the  increased 
hemolysis  to  be  due  entirely  to  a  selective  hemolytic  action  of  the 
complement-serum,  dilute  though  it  was.  In  many  instances  a 
numerical  anemia  existed  as  great  as  in  the  cases  of  leukemia  above 
cited;  but  there  were  none  in  which  the  count  fell  so  low  as  in  the 
two  patients  with  pernicious  anemia  in  whom  the  corpuscle-resis¬ 
tance  was  affected. 

A  heightened  minimum  resistance  was  thrice  seen.  It  was  per¬ 
sistent  in  two  cases  of  hemophilia.  A  slight  anemia  was  present 
in  one  of  these  (red  cells  4,400,000  per  cubic  millimeter,  hemo¬ 
globin  70  per  cent.),  but  the  blood  of  the  other  was  in  excellent 
condition  (red  cells  5,200,000  per  cubic  millimeter,  hemoglobin 
100  per  cent. ) .  The  third  case  with  heightened  minimum  resistance 
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Charts  III  and  IV.  Resistance  of  erythrocytes  from  two  cases  of  hemophilia 
(X  and  Y)  as  contrasted  with  the  resistance  of  normal  erythrocytes. 

Two  normals  are  represented  in  each  chart. 


Peyton  Rous. 


777 


was  one  of  chronic  parenchymatous  nephritis  (hemoglobin  6o  per 
cent.).  Charts  III  and  IV  illustrate  the  deviation  and  its  extent. 
The  change  is  just  the  reverse  of  that  already  dealt  with. 

An  increase  in  maximum  resistance  was  found  only  once, — in  a 
case  of  the  rare  congenital  icterus  (Minkowski  type).  With  it  a 
discussion  of  the  jaundice  cases  may  well  be  taken  up. 

A  decade  ago  it  was  observed  that  jaundice  is  almost  always 
accompanied  by  an  increased  resistance  of  the  red  cells  to  hypotonic 
salt  solution;  and  the  point  has  now  been  well  brought  out  by 
numerous  studies.  When  the  hepatic  duct  of  a  dog,  or  rabbit,  is 
ligated,  an  increase  in  resistance  of  the  erythrocytes  occurs  during 
the  first  twenty-four  hours,  coincident  with  appearance  of  the 
jaundice.^®  The  red  cells  of  such  an  animal  preserve  when  washed 
their  character  of  increased  resistance.  The  maximum  resistance  is 
especially  affected,  a  large  number  of  the  erythrocytes  remaining 
intact  in  a  hypotonic  solution  that  ordinarily  would  cause  complete 
laking  of  them.  Recently  Chauffard,^®  studying  the  congenital 
icterus  of  the  Minkowski  type — “  congenital  icterus  in  the  adult  ” — 
has  come  upon  another  and  different  phenomenon.  In  this  disease 
the  corpuscle  resistance,  especially  at  its  minimum  and  average 
points,  is  startlingly  lowered.  Chauffard’s  statements  have  been 
confirmed  by  Widal,  Abrami  and  Brule. The  fragility  of  the  red 
cells  in  the  Minkowski  icterus  is  an  important  finding  in  view  of  the 
anemia,  and  evidence  of  marked  blood  destruction,  that  characterize 
it.  Recently  H.  P.  Hawkins  and  L.  S.  Dudgeon^^  have  discussed 
under  the  title  “Congenital  Family  Cholemia,”  several  British 
cases ;  but  there  seems  to  have  been  as  yet  no  report  of  the  disease 
from  this  country.^® 

Among  ten  cases  of  jaundice  tested  with  the  hemolysin  was 
a  well-marked  example  of  the  Minkowski  icterus.  The  patient,  a 
white  female  twenty  years  old,  had  been  jaundiced  from  birth,  and 

“Voquez  and  Ribierre,  Conipt.  rend.  Soc.  de.  biol.,  1902,  liv,  1074;  Brissaud 
and  Bauer,  ibid.,  1907,  lix,  1068. 

^  Semaine  med.,  1907,  xxvii,  25. 

**  Presse  med.,  1907,  xv,  641 ;  also  Widal  and  Abrami,  Bull,  et  mem.  Soc. 
mid.  d.  hop.  de  Paris,  1907,  xxiv,  1127. 

“  Quart.  Jour,  of  Med.,  1909,  ii,  165. 

**  P.  Ribierre,  Folia  Haematolog.,  1905,  ii,  153;  A.  Chauffard  and  H.  Rendu, 
Presse  med.,  1907,  xv,  345. 
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was  moderately  so  when  seen.  With  the  icterus  she  had  the  charac¬ 
teristic  association  of  anemia  (red  cells  3,800,000  per  cubic  milli¬ 
meter,  hemoglobin  77  per  cent.),  an  enlarged  spleen,  and  an  amount 
of  bile-derivatives  in  the  stools  that  was  normal.  Her  red  cells 
were  most  sensitive  to  hypotonic  salt  solution.  Normally  hemolysis 
begins  in  0.46  to  0.42  per  cent,  salt  solution,  and  is  complete  only 
in  0.36  to  0.34  per  cent.,  when  whole  blood  is  used;  but  the  cells 
of  this  patient  hemolyzed  slightly  in  0.75  per  cent,  salt  solution 
and  had  broken  down  completely  in  0.55  per  cent.  It  was  but  nat¬ 
ural  to  suppose  that  there  would  be  some  indication  of  this  fragility 
on  test  with  the  specific  hemolysin.  Instead  there  was  found  a 
markedly  increased  maximum  resistance  and  a  minimum  resistance 
slightly,  if  at  all,  below  the  normal  bounds.  With  Yis  cubic  centi¬ 
meter  of  amboceptor-serum  hemolysis  was  “  strong  ”  for  both  the 
patient’s  cells  and  the  two  normals;  with  %  cubic  centimeter  it 
was  “  almost  complete  ”  for  the  three ;  with  %  cubic  centimeter 
and  again  with  twice  that  quantity  it  was  “  complete  ”  for  the  two 
normals,  whereas  with  neither  had  the  patients’  cells  totally  hem¬ 
olyzed,  and  “almost  complete”  was  still  the  reading.  Unfortu¬ 
nately  the  observations  with  salt  solution  and  those  with  the  hem¬ 
olysin  were  separated  by  an  interval  of  three  days,  and  there  was 
opportunity  for  no  further  tests.  But  the  difference  in  behavior  to 
the  two  agents  was  sufficiently  striking  to  suggest  the  general  value 
of  a  series  of  comparative  tests,  and  such  were  accordingly  begun. 

Cases  of  retention- jaundice  seemed  especially  suited  for  the  work 
because  of  that  increase  in  maximum  resistance  to  salt  solution 
which  is  the  rule  in  them.  Nine  of  these  (3  of  catarrhal  jaundice, 
4  of  gall-stones,  i  of  carcinoma  of  the  gall-ducts,  and  i  of  hyper¬ 
trophic  cirrhosis  of  the  liver)  were  tested  with  the  specific  hem¬ 
olysin,  and  five  of  the  number  were  also  tested  with  hypotonic 
salt  solution.  The  five  showed  to  this  agent  the  very  high  maximum 
resistance  expected;  whereas  to  the  hemolysin  the  maximum  resis¬ 
tance  was  normal  in  the  full  nine. 

For  the  tests  that  brought  out  this  contrast  the  same  emulsion 
of  washed  cells  was  submitted  to  both  agents,  and  the  mixtures 
with  hypotonic  salt  solution  were  prepared  while  others  with  the 
specific  hemolysin  were  incubating.  One-half  cubic  centimeter  of 
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Chart  V.  Resistance  of  the  red  cells  of  two  normal  individuals  and  of  a 
case  of  jaundice  due  to  hypertrophic  cirrhosis. 

Tests  were  made  with  the  specific  hemolysin  and  with  hypotonic  salt  solution. 
The  broken  line  represents  hemolysis  in  the  jaundice  case.  Note  the  great 
difference  in  results  with  the  two  agents. 
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the  5  per  cent,  cell  emulsion  (in  0.9  per  cent,  salt  solution)  was 
dropped  into  each  of  a  number  of  tubes  containing  2  cubic  centi¬ 
meters  of  salt  solution  so  dilute  that  the  resulting  mixtures  had  a 
strength  of  0.58  per  cent.,  0.54  per  cent.,  0.50  per  cent.,  etc.,  re¬ 
spectively.  In  such  a  series  the  hemoglobin  set  free  diffused  itself 
through  2.5  cubic  centimeters  of  fluid  as  compared  with  1.5  cubic 
centimeters  in  the  case  of  the  hemolysin.  For  a  direct  comparison 
of  results  with  the  two  agents  this  difference  in  concentration  of 
coloring  matter  was  made  up  by  a  careful  quantitative  addition  of 
0.9  per  cent,  salt  solution  to  fluid  pipetted  from  each  tube  of  the 
series  submitted  to  the  hemolysin. 

Chart  V  gives  a  typical  finding.  The  increase  of  resistance  to 
salt  solution  is  that  characteristic  of  retention- jaundice,  and  that 
which  was  found  in  all  the  cases  tested;  while  the  normal  resis¬ 
tance  to  the  specific  hemolysin  is  well  brought  out. 

In  three  instances  (2  of  catarrhal  jaundice,  i  of  gall-stones)  there 
was  to  the  hemolysin  a  definitely  lessened  minimum  resistance,  but 
with  salt  solution  there  was  no  such  finding.  This  second  lack 
of  correspondence  in  behavior  to  the  two  agents  is  brought  out  in 
Chart  VI. 

The  nature  of  these  changes  in  resistance  which  accompany  jaun¬ 
dice  is  unknown,  and  the  problem  thus  presented  is  not  unworthy 
of  attention.  But  immediate  interest  centers  in  the  fact  that  varia¬ 
tions  of  the  erythrocyte-resistance  to  salt  solution  form  no  basis 
for  inferences  regarding  the  behavior  of  the  same  erythrocytes  to  a 
specific  hemolysin.  This  is  true  for  other  conditions  as  well  as  for 
jaundice.  Twenty  cases  selected  at  random  were  tested,  and  a 
marked  divergence  in  behavior  to  the  two  agents  was  noted 
throughout. 

The  statement  seems  warranted  that  resistance  to  salt  solution 
and  to  a  specific  hemolysin  are  so  far  independent  that  results  with 
one  form  in  general  no  index  to  those  with  the  other.  Rywosch^^ 
quotes  Hamburger  as  convinced  that  resistance  determinations  by 
his  own  method  (the  method  with  salt  solution,  adopted  generally 
by  clinicians)  are  nearly  valueless  because  of  complex  factors  in¬ 
volved — concentration  of  the  intraglobular  fluid,  percentage  volume 

“Rywosch,  loc.  cit. 
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of  this  fluid,  and  “protoplasmic  scaffolding  of  the  blood  cell.” 

Charts  VII  and  VIII  bear  on  this  point.  They  depict  the  resistance 
of  a  number  of  blood  emulsions  tested  at  one  time  with  salt  solu¬ 
tion  and  with  the  specific  hemolysin. 
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Chart  VI.  Resistance  to  the  specific  hemolysin  and  to  salt  solution  of  ery¬ 
throcytes  from  a  case  of  retention  jaundice  (cholelithiasis)  and  from  a  normal 
individual.  The  results  are  expressed  in  terms  of  a  hemoglobin  scale  made  with 
the  laked  normal  erythrocytes.  This  was  permissible  since  both  five  per  cent, 
emulsions  had  the  same  color  strength. 

Note  that  the  two  hemolytic  agents  gave  opposite  results  as  regards  minimum 
corpuscle  resistance.  Maximum  resistance  to  the  hemolysin  is  not  charted.  It 
was  the  same  for  both  blood-specimens. 


It  will  be  seen  that  the  range  of  variation  is  much  wider  with 
salt  solution  than  with  the  hemolysin.  Indeed  the  many  published 
data  on  resistance  to  salt  solution  in  disease-states  all  go  to 
prove  that  this  resistance  varies  much,  and  without  apparent  rule, 
except  where  jaundice  is  concerned.^®  On  the  other  hand  resis- 
*P.  Ribierre,  loc.  cit. 


diseased.  Tests  were  made  with  both  the  specific  hemolysin  and  hypotonic  salt 
solution.  The  chart  is  meant  to  bring  out,  not  the  variation  in  any  individual 
instance,  but  the  general  difference  in  range  of  resistance  to  the  two  agents. 


Percentajfe  of  0.S4  O.50  O.46  O.42  O.38  O.34  O.3O  0.26 

sodium  chloride  J  t  t  j  jt  j 

Chart  VIII.  Resistance  of  the  red  cells  from  five  diseased  individuals  and 
two  normal  ones.  The  cases  are  not  those  that  furnished  Chart  VII.  Two  of 
them  (lymphatic  leukemia,  hemophilia)  gave  respectively  the  greatest  lowering 
of  resistance  to  the  hemolysin,  and  nearly  the  greatest  heightening  of  it,  that 
were  encountered.  Tests  were  made  at  the  same  time  with  hypotonic  salt 
solution.  The  chart  shows  the  general  differences  in  range  of  resistance  to 
the  two  agents. 


784 


Resistance  to  a  Specific  Hemolysin. 


tance  to  the  specific  hemolysin  which  I  have  taken  as  a  type  is 
subject  to  relatively  little  change.  Evidently,  resistance  to  hypo¬ 
tonic  salt  solution  must  depend  on  more  variables  than  does  that  to 
the  specific  hemolysin.  In  view  of  this,  the  clinical  determination 
of  “  resistance  ”  by  means  of  hypotonic  salt  solution  seems  of  very 
doubtful  value,  and  inferences  regarding  the  behavior  of  red  cells 
to  hypothetical  disease-hemolysins,  quite  unwarranted. 

CONCLUSIONS. 

It  is  evident  that  this  study  might  be  extended  with  results  per¬ 
haps  of  considerable  value.  As  matters  stand  the  following  con¬ 
clusions  can  be  formulated : 

1.  The  resistance  of  washed  human  erythrocytes  to  a  specific 
hemolysin  (immune-rabbit  serum  activated  with  human  comple¬ 
ment)  is  the  same  for  all  normal  adults. 

2.  Disease  alters  this  resistance  of  the  red  cells  only  in  very 
special  instances.  Among  41  cases  of  moderate  and  severe  secon¬ 
dary  anemia  from  various  causes,  one  only  (if  we  exclude  jaundice 
cases)  showed  a  decrease  in  the  resistance.  But  in  two  cases  of 
pernicious  anemia  out  of  three  the  resistance  was  lowered,  as  well 
as  in  the  only  two  instances  of  leukemia  observed.  Retention- 
jaundice  was  accompanied  sometimes  (3  cases  out  of  9)  by  a  lower¬ 
ing  of  the  resistance  similar  in  type.  In  all  of  these  instances  it 
was  the  minimum,  and  to  a  less  extent  the  mean  resistance  that  was 
affected.  An  increase  in  them  instead  of  a  lowering  was  three  times 
seen, — in  two  cases  of  hemophilia  (where  the  finding  was  re¬ 
peatedly  obtained),  and  in  one  of  chronic  parenchymatous  nephritis. 
Among  the  whole  68  patients,  there  was  but  one  in  whom  the 
maximum  resistance  was  abnormal;  it  was  increased  in  an  adult 
with  the  rare  congenital  icterus  of  Minkowski.  These  are  all  the 
variations  encountered.  They  were  extremely  limited  in  extent. 

3.  The  resistance  to  hypotonic  salt  solution  and  to  a  specific 
hemolysin  are  so  far  independent  that  results  with  one  form  in 
general  absolutely  no  index  to  those  with  the  other.  In  retention- 
jaundice,  for  example,  the  corpuscle-resistance  to  salt  solution  is 
usually  much  increased,  while  to  the  hemolysin  it  is  either  normal 
or  slightly  lowered. 
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4.  A  general  comparison  of  the  behavior  of  erythrocytes  to  hypo¬ 
tonic  salt  solution  and  to  a  specific  hemolysin  demonstrates  that 
resistance  to  salt  solution  is  much  the  more  variable  of  the  two. 
This  is  evidence  in  favor  of  Hamburger’s  view  that  the  “  resis¬ 
tance  ”  of  red  cells  to  hypotonic  salt  solution  has  little  clinical  value 
because  it  depends  on  several  factors  within  the  cell,  which  fluctuate 
independently. 

The  work  of  which  the  results  are  here  presented  was  begun  at 
the  Johns  Hopkins  Hospital  in  the_^ Laboratory  of  Medical  Biology, 
— then  under  the  direction  of  Dr.  Rufus  Cole, — and  was  con¬ 
tinued  in  the  Rockefeller  Institute  for  Medical  Research.  It  is 
my  pleasant  duty  to  thank  Dr.  Cole  and  Dr.  Lewellys  F.  Barker 
for  many  courtesies,  as  also  Dr.  Meakins  of  the  Presbyterian  Hos¬ 
pital  in  New  York. 


MECHANISM  OF  THE  REACTION  BETWEEN  BILE 
SALTS  AND  BLOOD  SERUM  AND  THE  EFFECT 
OF  CONJUGATION  IN  THE  FORMA¬ 
TION  OF  BILE  SALTS.i 

By  ANDREW  WATSON  SELLARDS. 

{From  the  Biological  Laboratory  of  the  Medical  Clinic  of  the  Johns  Hopkins 

University.) 

The  antagonistic  action  of  blood  serum  and  bile  is  best  shown  by 
the  use  of  red  blood  corpuscles.  In  a  suitable  mixture  of  a  hemo¬ 
lytic  serum  and  bile  salts  no  hemolysis  occurs  ( i ) .  The  conditions 
of  the  experiment  might  be  arranged  so  that  either  the  serum  alone 
or  the  bile  salts  alone  would  cause  active  hemolysis,  but  each  of  the 
two  hemolytic  agents  when  mixed  in  the  proper  proportions  de¬ 
stroys  the  action  of  the  other  and  they  afford  a  good  medium  for 
the  preservation  of  the  red  cells.  A  similar  phenomena  is  shown, 
less  strikingly,  by  substituting  typhoid  bacteria  for  the  red  cor¬ 
puscles,  for  example,  in  the  cultivation  of  B.  typhosus  from  the 
blood  by  the  use  of  bile  media. 

Thus  far  no  property  of  the  bile  salts  has  been  investigated  which 
is  not  influenced  by  serum  and  this  relationship  must  be  taken  into 
consideration  in  studying  the  biological  action  of  these  salts.  It  has 
been  found  that  serum  inhibits  the  poisonous  action  of  bile  on  the 
blood  corpuscles,  on  muscle,  on  the  vascular  and  central  nervous 
system  (i),  and  also  delays  the  action  of  a  lethal  dose  of  bile 
salts  (2). 

It  is  possible  to  consider  either  that  the  serum  possesses  separate 
inhibiting  properties  for  each  of  the  tissues  tested  or  that  a  single 
reaction  between  the  bile  salts  and  serum  destroys  a  certain  group  of 
properties.  The  latter  explanation  is  the  simpler  and  is  preferable, 
unless  further  developments  make  it  necessary  to  accept  a  more 
complicated  one.  The  bacteria  or  blood  corpuscles,  or  whatever  tissue 

*  Received  for  publication  July  7,  1909. 
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is  employed,  serves  merely  as  an  indicator  to  show  whether  or  not  a 
reaction  has  occurred. 

The  physiological  importance  of  this  protective  action  of  the 
serum  is  evident.  The  interest  associated  with  It  depends  in  part, 
however,  upon  the  specificity  of  the  reaction,  i.  e.,  whether  it  is  a 
general  property  of  all  tissues,  both  plant  and  animal,  or  whether  it 
is  peculiar  to  the  blood.  One  may  ^isk  whether  it  is  merely  an  acci¬ 
dental  occurrence  or  whether,  to  meet  an  emergency,  the  organism 
has  developed  a  special  adaptation.  An  analysis  of  the  mechanism 
of  the  reaction  has  some  bearing  on  this  question  and  may  be  out¬ 
lined  as  follows :  ( I )  What  is  the  active  part  of  the  bile  salt  mole¬ 
cule  and  what  is  the  active  constituent  of  the  serum?  (2)  Is  the 
property  of  inhibition  peculiar  to  serum  or  is  it  common  to  both 
plant  and  animal  tissues?  (3)  Does  the  synthesis  of  cholalic  acid 
with  glycocoll  have  any  effect  on  its  hemolytic  reactions?  (4) 
Does  serum  inhibit  hemolytic  agents  to  whose  action  the  body  has 
not  been  exposed? 

Active  Part  of  the  Bile  Salt  Molecule. — Sodium  glycocholate, 
when  hydrolyzed,  splits  into  glycocoll  and  cholalic  acid.  In  test¬ 
ing  the  hemolytic  power  of  these  two  parts,^  glycocoll  was  found  to 
have  no  solvent  action  in  concentrations  varying  from  0.001  to  i 
per  cent.  Cholalic  acid  is  only  very  sparingly  soluble,  one  part  dis¬ 
solving  in  4,000  parts  of  water.  But  even  at  this  dilution  a  saturated 
solution  in  physiological  salt  solution  gave  complete  hemolysis. 

*A  uniform  technique  has  been  employed  throughout  the  various  experiments. 
Any  variations  which  were  necessary  in  the  following  description  have  been 
noted  in  the  individual  experiments.  Physiological  sodium  chloride  (0.85  per 
cent.)  has  been  used  as  a  solvent  and  diluting  agent  for  all  material,  what¬ 
ever,  entering  into  the  preparations.  Serum  and  corpuscles  were  obtained 
by  defibrinating  human  blood.  The  serum  was  separated  by  centrifugaliza- 
tion  and  the  sediment  of  corpuscles  was  washed  three  times,  using  about 
0.5  c.c.  of  corpuscles  to  10  or  12  c.c.  of  physiological  salt  solution.  The  sedi¬ 
ment  of  corpuscles  was  diluted  to  a  2  per  cent,  emulsion.  In  comparing  the 
action  of  the  various  chemical  agents,  equi-molecular  solutions  were  used  in 
every  instance.  The  solutions  were  prepared  by  direct  weighing  without 
any  further  standardization,  and  progressive  dilutions  were  made  from  these 
stock  solutions.  The  concentrations  given  in  the  tables  represent  the  original 
strength  of  the  solution  before  dilution  by  the  addition  of  corpuscles.  The 
final  preparations  consisted  of  i  c.c.  of  the  hemolytic  agent  and  0.5  c.c.  of 
the  emulsion  of  corpuscles,  the  final  volume  being  1.5  c.c.  This  volume  was 


788  Reaction  Between  Bile  Salts  and  Blood  Serum. 

In  order  to  obtain  a  comparison  of  the  hemolytic  activity  of 
glycocholic  and  cholalic  acids,  the  sodium  salts  were  used  on  ac¬ 
count  of  the  insolubility  of  the  free  acids.  The  result,  given  later 
in  Table  III,  shows  that  the  cholalate  group  is  the  essential  factor 
in  the  production  of  hemolysis.  Also  its  hemolytic  activity  is  at 
most  only  slightly  greater  than  corresponding  quantities  of  sodium 
glycocholate.  The  cholalic  acid  radical  is  the  part  of  the  molecule 
which  is  generally  active,  being  responsible  for  the  Pettenkoffer 
color  test,  for  the  acceleration  of  ferments  (5)  and  for  bactericidal 
action  (6). 

Active  Constituent  of  the  Serum. — The  evidence  thus  far  avail¬ 
able  is  almost  conclusive  that  it  is  the  proteid  portion  of  the  serum 
which  inhibits  hemolysis  by  bile  salts  (3,  4).  Deleterious  agents, 
such  as  heat,®  exert  little  or  no  effect  on  the  inhibiting  property. 
Thus  a  I  to  10  dilution  of  serum  which  has  been  heated  to  95°  or 
100°  C.  is  as  active  as  an  unheated  serum.  It  is  important,  how¬ 
ever,  to  note  that  on  heating  diluted  serum  only  a  slight  cloud  forms 
and  most  of  the  proteids  remain  in  solution  as  alkali  albumin.  The 
following  experiment  indicates  that  the  proteids  possess  active  in¬ 
hibitory  properties. 

One  part  of  normal  rabbit  serum  was  mixed  with  four  parts  of 
absolute  ethyl  alcohol  and  the  precipitate  filtered  off.  The  pre¬ 
cipitate  was  dried  cautiously  on  the  water  bath  and  the  filtrate  evap¬ 
orated  to  dryness,  also  on  a  water  bath.  The  two  portions  were  then 
made  up  to  their  original  concentrations  and  tested  in  i  to  10  dilu¬ 
tion.  The  fraction  obtained  by  precipitation  gave  well  marked 
inhibition  of  hemolysis,  even  better  than  the  same  dilution  of  the 
corresponding  serum  whereas  the  fraction  from  the  filtrate  did  not 
differ  from  salt  solution.  The  data  include  also  the  effect  of  heating 
the  serum  in  a  i  to  10  dilution. 

not  increased  where  serum  or  other  inhibiting  agents  were  added.  The  serum 
was  used  in  i  to  10  strength,  the  proper  quantity  being  added  directly  to  the 
emulsion  of  corpuscles  to  give  the  desired  dilution.  The  further  dilution  which 
resulted  upon  the  addition  of  i  c.c.  of  the  hemolysin  made  a  final  dilution  of  i 
to  30  for  the  serum.  The  preparations  were  incubated  for  two  hours  at  37®  C. 
and  then  left  over  night  at  about  8°  C. 

*  Bull,  of  the  Johns  Hopkins  Hosp.,  1908,  xix,  268. 
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TABLE  I. 


Effect  of  the  Proteids  of  Serum  on  Hemolysis. 


Sodium  glycocholate 
per  tube. 

Normal  rab¬ 
bit's  serum. 

Rabbit’s  serum  i-io 
heated  ao  minutes 
at  90°  C. 

Salt 

solution. 

Precipitated 

proteids. 

Filtrate  salts 
and  extractives. 

3  mg. 

c 

C 

c 

c 

c 

2  “ 

c 

c 

c 

c 

c 

I  “ 

Tr 

Tr 

c 

Tr 

c 

0.8  “  , 

Tr 

Tr 

c 

0 

c 

0.5  “ 

Tr 

Tr 

p 

0 

p 

0,2  “ 

0 

0 

Tr 

0 

Tr 

0.09  “ 

0 

0 

0 

0 

0 

salt  solution 

0 

0  -1 

0 

0 

0 

C  represents  complete  hemolysis;  P,  partial  hemolysis;  Tr,  trace  of  hemolysis; 
O,  no  hemolysis. 


These  results  would  prove  that  the  proteid  and  not  the  salts  and 
extractives  are  the  important  constituent  of  the  serum,  except  for 
the  possibility  that  some  other  substance  was  mechanically  carried 
down  in  the  precipitate. 

Specificity  of  the  Reaction. — The  reaction  is  apparently  highly 
specific  and  is  satisfactorily  given  only  by  proteids  obtained  from 
the  serum.  Meyer  (4)  found  that  not  only  do  plant  proteids,  such 
as  edestin,  exert  no  inhibitory  action,  but  even  animal  proteids,  such 
as  egg  albumen,  also  possess  no  inhibitory  power.^  The  following 
results  were  obtained  with  fresh  egg  albumen  and  with  the  egg  and 
blood  albumin  which  is  put  on  the  market  by  Kahlbaum.  The 
white  of  egg  was  used  in  i  to  10  dilution  in  salt  solution  and  for  the 
albumins,  0.5  gram  was  dissolved  in  100  c.c.  of  physiological  salt 
solution,  a  concentration  of  proteid  which  roughly  approximates 
a  I  to  10  dilution  of  serum. 

In  the  following  table  the  inhibiting  power  shown  by  the  egg 
albumen  is  practically  negligible. 

Effect  of  the  Synthesis  of  Glycocoll  ivith  Cholalic  Acid. — ^The 
animal  organism  utilizes  a  series  of  chemical  methods  by  which  a 
variety  of  poisons  may  be  rendered  partly  or  entirely  harmless.  A 
classical  example  of  such  a  method  is  the  formation  of  a  conjugation 

*  Donati  and  Satta  (7)  have  recently  reported  results  which  apparently  con¬ 
tradict  these  conclusions.  Complete  inhibition  of  hemolysis  by  bile  salts  was 
obtained  with  5  per  cent,  white  of  egg  solution  and  by  a  10  per  cent,  solution  of 
edestin. 
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TABLE  II. 

Relative  Inhibiting  Power  of  Serum  and  of  Egg  Albumen. 


Sodium  glyco¬ 
cholate  per  tube. 

Control  salt 
solution. 

Normal  pigeon 
serum. 

White  of  egg. 

Albumin,  0.5  gr.  per  too,  from 

Blood. 

Eggs- 

2.0  gm. 

C 

c 

c 

c 

c 

1.0  “ 

c 

0 

c 

c 

c 

.8  » 

c 

0 

c 

c 

c 

•S  “ 

c 

0 

c 

p 

c 

.2  “ 

c 

0 

c 

0 

c 

.1  “ 

p 

0 

0 

0 

p 

.09  “ 

Tr 

0 

0 

0 

0 

Salt  solution. 

0 

0 

0 

0 

0 

C  represents  complete  hemolysis;  P,  partial  hemolysis;  Tr,  trace  of  hemolysis; 
O,  no  hemolysis. 


product  such  as  the  synthesis  of  phenol  with  sulphuric  or  glucu¬ 
ronic  acids,  and  of  benzoic  acid  with  glycocoll  to  form  hippuric  acid. 
Of  the  conjugation  products  which  are  normally  present  in  the 
body,  the  bile  salts  furnish  one  of  the  most  prominent  examples, 
the  cholalic  acid  being  combined  usually  with  glycocoll  or  taurine. 
Their  reaction  with  glycocoll  is  represented  by  this  equation : 

C23H39O3COOH  -f  H  NH  CH2C00H  = 

C23H39O3CONH2COOH  +  H2O. 

It  is  quite  conceivable  that  this  conjugation  might  affect  the 
physiological  properties  of  cholalic  acid  just  as  other  poisons  are 
modified  by  conjugation.  It  is  of  some  interest  that  although  a 
great  number  of  bile  salts  have  been  studied  and  described  (8) 
such  as  the  glycocholate,  taurocholate,  glycocholeate,  cheno-tauro- 
cholate,  and  scymnol  sulphate,  yet  apparently  no  observer  has  found 
the  free  cholalate  nor  the  related  chololeate  and  fellate  occurring 
unconjugated  in  the  bile. 

It  may  be  determined  directly  by  animal  inoculations  in  the  case 
of  phenol  and  benzoic  acids,  that  the  conjugation  has,  to  a  consider¬ 
able  extent  diminished  the  toxicity  of  the  original  compounds. 
Relatively  small  doses  of  the  original  poisons  will  produce  death  as 
compared  with  the  large  amounts  of  the  conjugated  products  which 
the  animals  can  withstand.  In  the  case  of  the  bile  salts,  however, 
the  sodium  glycocholate  is  highly  poisonous  and  we  were  not  able 
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to  show  that  the  lethal  dose  of  sodium  cholalate  was  definitely 
smaller  than  that  of  the  sodium  glycocholate.  By  intraperitoneal 
inoculations  into  guinea-pigs  weighing  from  230  to  250  grams,  o.i 
gram  of  sodium  glycocholate  was  found  to  be  fatal  in  from  ten  to 
eighteen  hours.  The  injection  of  0.09  gram  of  sodium  cholalate 
intraperitoneally  into  a  guinea-pig  weighing  270  grams  caused  death 
after  forty-eight  hours  only.  A  second  guinea-pig  of  the  same 
weight,  receiving  a  duplicate  injection,  survived  without  symptoms. 
Although  slight  differences  have  been  reported  in  the  toxicity  of 
sodium  taurocholate  and  glycocholate,  the  lethal  dose  of  the  cho- 
lalic  acid  is  evidently  not  strikingly  affected  by  the  conjugation. 
Only  minor  differences  in  symptoms  were  observed  in  the  two  sets 
of  guinea-pigs,  and  apparently  animal  inoculations  do  not  afford  a 
very  suitable  method  for  comparing  the  two  substances. 

TABLE  III. 


Hemolytic  Activity  of  the  Different  Bile  Salts  and  the  Relative  Inhibiting  Power 
of  Serum  for  each. 


Strength  of  solu- 

Approximate 

Sodium  taurocholate.  | 

Sodium  glycocholate.  | 

Sodium  cholalate. 

tions  in  fractions 
of  normal. 

salt  in  mgs. 
per  tube. 

Salt 

solution. 

Serum 

X-IO. 

Salt 

solution. 

Serum 

I-XO. 

Salt 

solution. 

Serum 

x-10. 

1/250 

2 

c 

c 

c 

c 

c 

c 

1/500 

I 

c 

0 

c 

0 

c 

c 

1/625 

0.8 

c 

0 

c 

0 

c 

c 

1/833 

0.6 

c 

0 

c 

0 

c 

c 

l/l.-iSO 

0.4 

c 

0 

c 

0 

c 

c 

1/2,500 

0.2 

c 

0 

c 

0 

c 

0 

1  /  5,000 

0.1 

c 

0 

c 

0 

c 

0 

I/5.S5S 

0.09 

c 

0 

c 

0 

c 

0 

1/6,250 

0.08 

p 

0 

c 

0 

c 

0 

1/8,333 

0.06 

Tr 

X 

c 

X 

C  ' 

X 

1/12,500 

0.04 

Tr 

X 

Tr 

X 

c 

X 

1  /2:,ooo 

0.02 

0 

X 

0 

X 

0 

X 

I  /  50,000 

0.01 

0 

X 

0 

X 

0 

X 

Control  salt 
solution. 

0 

0 

0 

0 

0 

0 

C  represents  complete  hemolysis;  P,  partial  hemolysis;  Tr,  trace  of  hemolysis; 
O,  no  hemolysis. 


One  might  expect  that  on  injecting  the  cholalic  acid  conjugation 
could  occur  so  rapidly  that  it  would  be  practically  equivalent  to 

“Although  the  corresponding  weights  of  the  three  salts  are  all  necessarily 
different,  yet  this  column  represents  at  least  the  order  of  magnitude  of  the 
weight  of  any  one  in  a  given  tube. 


792 


Reaction  Between  Bile  Salts  and  Blood  Serum. 


Injecting  the  glycocholate.  Such  complications  can  be  partly 
avoided  by  employing  the  test  tube  reactions  which  have  been  de¬ 
veloped  in  connection  with  the  hemolytic  action  of  bile  salts.  In 
the  following  experiment  a  comparative  test  was  made  of  the 
hemolytic  activity  of  sodium  taurocholate,  glycocholate  and  chola- 
late,  together  with  the  inhibiting  action  of  serum  on  these  sub¬ 
stances. 

Two  successive  repetitions  of  this  experiment  gave  results  similar 
to  those  in  the  preceding  table,  except  that  as  the  solutions  grew 
older  they  became  somewhat  less  actively  hemolytic.  Some  of  the 
stronger  solutions  of  the  sodium  cholalate  precipitated  on  standing, 
but  this  did  not  occur  in  the  more  dilute  solutions  and  apparently 
did  not  interfere  in  any  way  with  the  reactions. 

In  another  set  of  experiments,  preliminary  digestions  were  ar¬ 
ranged  which  were  designed  to  give  the  serum  the  most  favorable 
opportunity  for  inhibiting  the  action  of  the  cholalate.  Mixtures 
were  prepared  similar  to  those  in  Table  III,  and  in  addition  two 
series  of  tubes  were  added.  In  one,  the  corpuscles  were  digested 
with  the  serum,  and  in  the  other,  the  cholalate  was  digested  with  the 
serum  before  the  corpuscles  were  exposed  to  the  hemolytic  agent. 
The  data  confirmed  those  in  Table  III.  In  the  corresponding  prepa¬ 
rations  containing  serum  the  results  were  all  practically  the  same, 
regardless  of  the  preliminary  digestion.  An  analogous  experiment 
with  sodium  glycocholate  also  gave  the  conclusion  that  the  pre¬ 
liminary  digestion  did  not  alter  the  final  result. 

TABLE  IV. 


Hemolytic  Action  of  Cholalic  Acid  and  the  Effect  of  Serum. 


Concentration  of 
cholalic  acid  in  per¬ 
centage  of  saturation. 

30  per  cent,  emulsion.  | 

5  per  cent,  emulsion. 

Salt  solution. 

Serum  i-io. 

Salt  solution. 

Serum  i-io. 

lOO 

c 

P 

c 

c 

75 

Tr. 

0 

c 

c 

50 

0 

0 

c 

0 

25 

0 

0 

0 

0 

Salt  solution. 

0 

0 

0 

0 

C  represents  complete  hemolysis;  P,  partial  hemolysis;  Tr,  trace  of  hemolysis; 
O,  no  hemolysis. 
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The  results  of  the  experiments  with  free  cholalic  acid  are  given 
in  Table  IV.  Progressive  dilutions  of  a  saturated  solution  of  the 
rather  insoluble  acid  were  tested,  and  to  increase  the  hemolysis  one 
series  of  tubes  was  prepared  with  a  very  small  amount  of  cor¬ 
puscles.  In  order  to  avoid  further  dilution  of  the  cholalic  acid,  in¬ 
stead  of  the  usual  volume  of  0.5  cubic  centimeter  of  corpuscles,  a 
smaller  volume,  namely,  0.05  cubic  centimeter  of  a  twenty  per  cent, 
and  of  a  five  per  cent,  emulsion  was  employed. 

A  review  of  Table  III  shows  that  for  the  production  of  complete 
hemolysis  in  the  presence  of  serum  the  amount  of  glycocholate  re¬ 
quired  is  thirty-three  times  greater  than  in  the  corresponding  serum- 
free  preparations;  of  the  taurocholate,  twenty-two  times  greater; 
and  of  the  cholalate,  ten  times  greater.  Slightly  less  pronounced  re¬ 
sults  were  obtained  where  some  of  the  older  preparations  of  bile  salt 
were  used.  The  amount  of  glycocholate  or  taurocholate,  however, 
required  to  produce  complete  hemolysis  in  the  presence  of  a  i  to  30 
dilution  of  serum  was  always  at  least  twice  as  great  as  the  amount 
of  cholalate  required  for  the  same  result.  The  data  obtained  with 
the  free  acid  confirm  the  general  conclusions  derived  from  the  tests 
with  the  sodium  salt.  Although  the  serum  possesses  some  inhibiting 
power  against  the  cholalate,  the  results  have  consistently  shown  that 
the  inhibition  is  measurably  less  than  for  the  glycocholate  and  tauro¬ 
cholate.  The  protective  mechanism  may  be  considered  as  con¬ 
sisting  of  two  factors:  first,  the  conjugation  of  the  cholalic  acid 
and,  secondly,  the  inhibition  of  the  still  toxic  conjugation  product 
by  means  of  serum.®  These  experiments  do  not  offer  any  explana¬ 
tion  as  to  why  the  serum  inhibits  the  conjugated  salts  more  effec¬ 
tively  than  the  unconjugated. 

Foreign  Toxins. — Several  foreign  hemolytic  agents  were  tested, 

•Rywosch  (9)  came  to  the  conclusion  that  the  toxicity  of  cholalic  acid  was 
increased  by  conjugation  with  taurine  and  diminished  by  conjugation  with  glyco- 
coll.  Frogs,  injected  subcutaneously,  were  killed  by  0.06  to  0.07  gram  of  the 
taurocholate,  by  0.08  gram  of  the  cholalate,  and  by  o.i  gram  of  the  glycocholate. 
Similar  conclusions  were  obtained  from  the  hemolytic  experiments.  The  serum 
and  corpuscles  were  not  separated,  but  blood  was  diluted  10  to  20  times  with 
physiological  salt  solution.  Sodium  taurocholate  caused  hemolysis  in  dilutions  of  i 
to  600;  the  cholalate,  in  i  to  200;  and  the  glycocholate,  in  i  to  50  dilution.  We 
were  not  able  to  confirm  these  differences  in  hemolytic  activity,  either  with 
washed  corpuscles  or  in  mixtures  containing  serum. 
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namely,  tetanolysin,  phenol,  sodium  benzoate,  and  ethyl  alcohol.  In 
I  to  30  dilution  normal  serum  showed  at  most  only  a  minimal  in¬ 
hibiting  power  against  these  agents.  In  the  case  of  phenol  and 
tetanolysin  only  a  trace  of  hemolysis  was  restrained.  With  sodium 
benzoate  and  alcohol  the  serum  was  never  able  to  inhibit  as  much  as 
twice  the  minimal  dose  required  for  complete  hemolysis.  On  the 
other  hand,  with  the  bile  salts  the  serum  readily  inhibited  as  much 
as  ten  times  the  minimal  amount  required  for  complete  hemolysis. 
Korschun  and  Morgenroth  (10)  found  that  normal  serum  possessed 
a  very  definite  restraining  action  of  the  hemolysis  caused  by  pan¬ 
creatic  extracts.  This  agent  may  be  classed  with  the  bile  salts  as  an 
hemolysin  to  which  the  organism  may  occasionally  be  exposed. 

General  Method. — ^The  hemolytic  experiments  furnish  a  fairly 
general  method  for  studying  the  various  reactions  which  occur 
in  the  body.  The  conjugations  are  of  interest  in  connection  with  the 
results  which  were  obtained  for  the  bile  salts.  Two  other  conju¬ 
gations  were  studied,  namely,  those  occurring  in  the  production  of 
hippuric  acid  and  of  phenylsulphuric  acid.  The  conclusions  in  re¬ 
gard  to  sodium  hippurate  were  that  the  conjugation  had  destroyed 
the  hemolytic  power  of  the  original  sodium  benzoate.  In  concen¬ 
trations  of  three-fourths  normal,  sodium  benzoate  solutions  pro¬ 
duced  complete  hemolysis,  whereas  sodium  hippurate  solutions  in 
double  normal  strength  caused  no  lysis.  The  hippurate  solutions 
changed  the  color  of  the  corpuscles  to  a  dark  brown,  and  this  alter¬ 
ation  of  the  pigment  did  not  occur  in  the  mixtures  prepared  with 
sodium  benzoate.  Normal  serum  in  i  to  30  dilution  exhibited  no 
restraining  effect  against  the  lysis  caused  by  the  benzoate  or  the 
discoloration  from  the  hippuric  solutions. 

For  comparison  with  phenol,  the  potassium  salt  of  the  hypothet¬ 
ical  phenylsulphuric  acid  (CeHgOSOgOK)  was  prepared  according 
to  Baumann’s  ( 1 1 )  method  from  phenol,  potassium  hydroxide  and 
potassium  pyrosulphate.  The  crude  product  was  purified  by  four 
recrystallizations  from  95  per  cent,  alcohol.  During  the  preparation 
proper  precautions  were  taken  to  prevent  the  rearrangement  of  the 
potassium  phenyl  sulphate  to  form  its  isomere  potassium-sulpho- 
phenol,  CeH40H(i)S03K(4),  and  as  a  control  this  isomere  was 
included  in  the  hemolytic  tests.  Since  it  is  necessary  to  use  a  salt 
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of  phenylsulphuric  acid,  the  potassium  salt  of  phenol  was  also 
tested. 

That  these  four  substances  were  all  distinct  chemically  is  shown 
by  the  fact  that  they  all  differed  in  their  behavior  toward  ferric 
chloride.  The  phenol  and  the  potassium  sulpho-phenol  both  gave 
color  reactions,  the  sulpho-derivative  being  of  a  rather  red  color  as 
compared  with  the  phenol.  The  potassium  phenylate  gave  a  yellow¬ 
ish  brown  precipitate  and  the  potassium  phenylsulphate  gave  no 
reaction.  As  seen  from  Table  V,  they  also  differed  in  their 
hemolytic  actions. 

TABLE  V. 

Hemolysis  by  Phenol  and  its  Derivatives. 


Strength  of  solution 
in  terms  of 
normal.’ 

Phenol. 

Potassium 

phenylate. 

Potassium  phenyl¬ 
sulphate. 

Potassium 
p- sulpho-phenol. 

Salt  solution. 

Serum. 

Salt 

solution. 

Serum,  j 

Salt 

solution. 

Serum. 

Salt 

solution. 

Serum. 

1/2 

Coagulated 

Coagulated 

c 

c 

c 

P 

0 

0 

>/4 

Coagulated 

Coagulated 

c 

c 

0 

0 

0 

0 

i/io 

C 

C 

c 

c 

0 

0 

0 

0 

»/i5 

C 

C 

c 

c 

0 

0 

0 

0 

I /20 

C 

Tr. 

c 

c 

0 

0 

0 

0 

1/30 

P 

0 

c 

c 

0 

0 

0 

0 

1/50 

0 

0 

c 

c 

0 

0 

0 

0 

Control 

0 

0 

0 

0 

0 

0 

0 

0 

C  represents  complete  hemolysis;  P,  partial  hemolysis;  Tr,  trace  of  hemolysis; 
O,  no  hemolysis. 


This  table  presents  the  following  points  of  interest: 

1.  The  addition  of  serum  in  i  to  lo  dilution  has  practically  no 
effect  on  any  of  the  four  substances  tested. 

2.  The  hemolytic  activity  of  phenol  on  red  corpuscles  is  defi¬ 
nitely  diminished  by  its  conjugation.  In  the  weaker  solutions 
phenol  causes  hemolysis,  but  in  the  stronger  solutions  lysis  is  pre¬ 
vented  by  the  fixation  and  coagulation  of  the  cells.  On  the  other 
hand,  the  potassium  phenyl-sulphate  caused  no  coagulation  in  the 
concentrations  tested  and  the  amount  required  for  complete  hemoly¬ 
sis  was  ten  times  greater  than  for  phenol. 

3.  The  control  preparations  with  potassium  phenylate  show  that 

’  Expressed  in  percentages,  the  iN.  solution  for  phenol  would  be  47  per 
cent.;  for  potassium  phenylate,  6.6  per  cent.;  and  for  the  two  isomeres,  10.6 
per  cent. 
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the  substitution  of  the  hydrogen  of  the  hydroxyl  group  by  potassium 
not  only  does  not  diminish  the  toxicity,  but  actually  increases  it. 
Additional  preparations  to  those  given  in  the  table  showed  that  a 
solution  Ysoo  normal  was  sufficient  to  cause  complete  hemolysis. 
No  coagulation  of  the  cells  was  observed,  but  in  addition  to  the 
hemolysis  the  pigment  turned  green  in  all  the  preparations  except 
in  those  containing  only  a  slight  excess  of  the  minimum  required 
for  complete  hemolysis. 

4.  The  potassium  sulphophenol  gave  no  evidence  of  any  toxic  ac¬ 
tion.  This  applied  not  only  to  red  corpuscles,  but  also  to  fungae  which 
grew  freely  in  a  solution  of  one-half  normal  strength.  Although 
this  compound  is  still  a  phenol,  the  introduction  of  a  new  group 
in  the  para-position  has  produced  a  marked  change  in  its  properties. 
In  this  instance  the  chemical  alteration  which  resulted  in  a  diminu¬ 
tion  of  toxicity  for  the  body  was  also  accompanied  by  a  diminution 
in  antiseptic  properties. 

SUMMARY. 

These  experiments  suggest  the  following  conclusions  concerning 
hemolytic  action : 

1.  It  is  probably  the  proteid  part  of  the  serum  which  inhibits  the 
bile  salts. 

2.  The  cholalic  acid  group  is  the  active  part  of  the  bile  salt 
molecule. 

3.  Tlie  protection  afforded  by  bile  salts  against  serum  is  of 
especial  interest  from  the  following  considerations:  (a)  The  pro¬ 
tective  action  is  a  property  apparently  peculiar  to  proteids  obtained 
from  blood  serum.  It  is  not  given  satisfactorily  by  egg  albumen. 
(b)  The  conjugation  of  cholalic  acid  with  glycocoll  in  the  forma¬ 
tion  of  the  bile  salts  is  of  some  advantage  to  the  organism.  Al¬ 
though  the  toxicity  of  the  cholalate  for  red  corpuscles,  when  free 
from  serum,  is  at  most  only  slightly  diminished  by  conjugation,  yet 
the  blood  serum  possesses  a  greater  inhibiting  action  for  the  re¬ 
sulting  glycocholate  than  for  the  original  cholalate. 

4.  As  compared  with  its  inhibition  of  sodium  glycocholate,  nor¬ 
mal  serum  possesses  relatively  little  inhibiting  action  against  certain 
foreign  hemolytic  agents,  such  as  tetanus  toxin,  sodium  benzoate, 
phenol  and  ethyl  alcohol. 
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5.  Hemolytic  experiments  afford  a  fairly  general  method  for 
studying,  in  vitro,  certain  syntheses  occurring  in  the  body.  They 
avoid,  largely,  the  complications,  such  as  rapid  chemical  alteration, 
which  might  occur  in  animal  experimentation. 

Contrary  to  the  results  obtained  with  bile  salts,  the  conjugation 
of  benzoic  acid  and  of  phenol  results  in  an  effective  reduction  of 
their  hemolytic  action  independently  of  the  presence  or  absence  of 
serum. 

In  conclusion,  I  take  this  opportunity  to  acknowledge  the  very 
material  aid  of  Dr.  Rufus  Cole  during  the  course  of  this  work. 
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THE  INFLUENCE  OF  THYROIDECTOMY  ON  ALIMEN¬ 
TARY  GLYCOSURIA.! 

By  JOHN  McCURDY. 

(From  the  Hunterian  Laboratory  of  Pathological  Physiology,  Johns  Hopkins 
University,  Baltimore.) 

For  some  years  there  have  been  reports  in  the  literature  of  a  low¬ 
ered  carbohydrate  assimilation  limit  on  the  feeding  of  thyroid  ex¬ 
tract.  A  lowered  assimilation  limit  was  noted  in  Basedow’s  disease 
by  Kraus  and  Ludwig  (i),  Chvostek  (2),  Goldschmidt  (3)  and 
Straus  (4).  Hirschl  (5)  and  Knopf elmacher  (6)  have  reported  a 
rise  in  the  assimilation  limit  with  thyroid  insufficiency.  Recently 
Falta  (7)  reports  experiments  indicating  that  removal  of  the 
thyroids  to  some  extent  inhibits  artificially  produced  glycosuria. 
But  since  it  is  necessary  to  preserve  the  parathyroid  glands  in  order 
to  observe  the  influence  of  the  thyroid  gland  alone,  I  have  decided 
to  test  the  effect  of  removing  thyroid  tissue  only,  enough  parathy¬ 
roid  tissue  being  left  to  fulfil  the  functions  of  the  parathyroids 
completely. 

Alimentary  glycosuria  was  chosen  as  the  condition  most  easily 
produced  for  study.  At  first  lactose  was  fed  by  the  stomach  tube, 
this  sugar  being  chosen  on  account  of  its  low  assimilation  limit. 
Efforts  to  determine  what  quantity  can  be  assimilated  were  highly 
unsatisfactory  for  reasons  which  may  be  understood,  if  one  con¬ 
siders  the  fate  of  a  carbohydrate  administered  per  os.  Carbohy¬ 
drate  may  pass  out  with  the  feces;  it  may  be  absorbed  by  the 
lymphatics  of  the  intestine,  and  so  reach  the  general  blood  stream, 
or  it  may  be  changed  in  the  intestine  to  dextrose  and  reaching  the 
liver  be  stored  there  as  glycogen. 

Schlesinger  has  shown  that  glycosuria  results  only  when  sugar 
passes  by  the  lymphatics  into  the  general  blood  stream.  Such  con¬ 
ditions  therefore  as  retard  or  accelerate  digestion  and  the  progress 
of  food  through  the  intestinal  canal  will  determine  the  amount  of 
sugar  which  passes  to  the  liver  and  the  amount  which  is  lost  with  the 

’Received  for  publication  July  12,  1909. 
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feces,  and  these  two  variables  are  inconstant  enough  to  prejudice 
the  accuracy  of  a  series  of  experiments.  As  only  that  sugar  which 
gains  direct  access  to  the  general  blood  stream  produces  glycosuria, 
it  is  obvious  that  the  internal  secretions  of  the  thyroid  glands  can 
affect  only  the  fate  of  this  sugar.  It  was  therefore  decided  to  con¬ 
tinue  this  work  by  injecting  a  given  amount  of  dextrose  into  one  of 
the  systemic  veins. 

The  urine  was  collected  by  a  catheter  (female  dogs  with  perineal 
section  being  employed)  at  the  end  of  each  hour  subsequent  to 
injection;  the  urine  was  tested  quantitatively  by  Benedict’s  method 
and  qualitatively  by  the  polarimeter. 

Blumenthal  (8),  working  with  rabbits,  found  that  0.8  gram  of 
dextrose  per  kilo  of  body  weight  was  the  smallest  quantity  which 
produced  glycosuria  after  injection.  The  first  injections  were  made 
with  half  that  amount,  the  intention  being  to  increase  the  amount 
until  the  limit  of  assimilation  was  reached.  It  was  found,  however, 
that  all  the  dogs  experimented  with  excreted  a  satisfactory  quantity 
of  dextrose  after  injection  of  0.4  gram  at  most  per  kilo. 

Experiment  I. — White  female  fox  terrier;  weight  6  kilos.  The  experiment 
was  started  by  feeding  lactose,  but  the  animal  was  found  to  have  an  extraordinary 
susceptibility  and  continued  excreting  sugar  long  after  a  time  when  lactose 
had  doubtless  been  assimilated.  Only  urine  of  twenty-four  hours  was  examined. 
Thus  on  December  ii;  1908,  the  last  administration  of  14  grams  of  lactose  was 
made.  Excretion  of  reducing  substances  continued  till  February  ii,  1909.  On 
December  18  a  sample  of  the  urine  was  collected  and  allowed  to  ferment;  since 
it  lost  all  its  reducing  power,  only  dextrose  was  being  eliminated. 

The  first  intravenous  injection  of  dextrose  was  made  on  February  19.  On 
account  of  the  high  susceptibility  of  the  animal,  only  0.2  gram  per  kilo  was 
used,  or  6.2  c.c.  of  a  19.2  per  cent,  solution  of  dextrose.  Elimination  *  was  com¬ 
pleted  in  twenty-four  hours  and  amounted  to  0.4  gram. 

A  second  injection  of  the  same  quantity  was  made  on  February  23.  The 
twenty-four  hour  urine  on  February  24  contained  i.o  gram  of  dextrose.  This 
is  practically  the  same  as  the  amount  injected.  The  urine  each  day  till  March 
8  showed  the  following  content  of  dextrose  in  grams:  0.17,  0.15,  0.48,  0.12,  0.18, 
0.34,  0.15,  0.15,  making  a  total  excretion  in  nine  days  of  2.74  grams  of  dextrose, 
whereas  1.2  grams  were  injected.  From  this  discrepancy  it  was  considered  that 
the  animal  had  been  poisoned,  so  that  it  was  unable  to  burn  all  the  carbohydrate 
of  its  normal  food. 

On  March  9,  therefore,  the  thyroid  glands  were  removed.  (All  the  thyroid¬ 
ectomies  were  performed  by  Dr.  W.  G.  MacCallum.)  Unfortunately  the  ana¬ 
tomical  relations  of  the  glands  were  such  that  it  was  possible  to  leave  only  two 
small  parathyroids  on  the  left  side,  and  these  were  left  with  their  circulation  im- 
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paired.  Urine  collected  during  the  sixteen  hours  subsequent  to  the  operation 
contained  0.12  gram  of  dextrose.  No  more  elimination  of  sugar  took  place. 
Two  days  after  operation  the  dog  developed  tetany,  and  death  two  weeks  later 
showed  that  there  had  been  too  great  a  destruction  of  parathyroid  tissue. 

Removal  of  the  thyroids  in  this  case  stopped  glycosuria  that  had  existed  for 
ten  days  and  was  apparently  analogous  to  a  condition  that  had  lasted  for  two 
months. 

The  results  obtained  with  the  next  animal  were  more  conclusive. 

Experiment  II. — Large  female  spaniel;  weight  19.3  kilos.  It  was  found  that 
the  glycosuria  resulting  from  injection  of  0.4  gram  of  dextrose  per  kilo  lasted 
for  five  hours  and  reached  about  i  gram  in  total.  After  the  thyroid  extirpation 
(when  a  large  parathyroid  was  left  on  each  side  with  circulation  intact)  the 
amount  excreted  and  time  taken  by  excretion  gradually  sank  to  zero.  The  fol¬ 
lowing  table  gives  the  exact  figures : 


Date. 

Cubic  centimeters 

Percentage  of 
dextrose  in 
injection. 

Sugar  eliminated. 

of  injection. 

ist  hr. 

ad  hr. 

3d  hr. 

4th  hr. 

Sth  hr. 

Total. 

April  20 
“  24 

26.0 

30-4 

0.360 

0.235 

0.150 

0.055 

0.100 

0.900 

26.0 

30.4 

0.060 

0.300 

0.660 

0.270 

0.065 

1-355 

“  27 
May  3 

26.0 

Thyroids 

30-4 

removed. 

0.420 

0.160 

0.170 

0.160 

0.  no 

1.020 

”  6 

29.0 

27.0 

0.125 

0.312 

0.  80 

0.042 

0.035 

0.694 

“  II 

29.0 

27.0 

0.125 

0.140 

0.075 

0.040 

0.000 

0.380 

“  13 

29.0 

27.0 

0.070 

0.035 

0.082 

0.009 

0.000 

0.196 

“  20 

29.0 

27.0 

o.oss 

0.045 

0.085 

0.000 

0.000 

0.196 

June  3 

32-5 

24.0 

0,000 

0.000 

0.000 

0.000 

0.000  1 

0.000 

A  third  confirmatory  experiment  was  made. 

Experiment  III. — White  female  setter;  weight  17.1  kilos.  The  following 
table  gives  the  results. 


Date. 

Cubic  centimeters 

Percentage  of 
dextrose  in 
injection. 

Sugar  eliminated. 

of  injection. 

ist  hr 

ad  hr. 

3d  hr. 

4th  hr. 

sth  hr. 

Total. 

May  15 

26.0 

27.0 

0.080 

0.016 

0.185 

0.040 

0.000 

0.321 

“  18 

26.0 

27.0 

0.100 

0.172 

0.053 

0.000 

0.000 

0.325 

“  25 

Thyroids 

removed :  one 

good 

para 

thyroid 

left  on 

each 

side. 

June  2 
“  4 

29.0 

24.0 

0.040 

0.060 

0.000 

0.000 

0.000 

O.IOO 

29.0 

29.0 

0.075 

0.052 

0.003 

0.000 

0  000 

0.130 

Lack  of  time  prevented  continued  estimation  of  sugar  eliminated 
by  this  third  dog  during  a  month. 

A  word  may  be  said  as  to  the  probable  action  of  the  internal 
secretion  of  the  thyroids.  It  is  evident  that  it  inhibits  the  com¬ 
bustion  of  carbohydrate.  It  may  do  this  in  two  ways :  by  inhibiting 
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that  action  of  the  pancreatic  and  muscle  ferments  which  causes  the 
actual  oxidation  of  dextrose  or  by  inhibiting  the  transport  of  dex¬ 
trose  to  the  muscles.  That  the  former  possibility  is  true  has  been 
shown  in  vitro  by  King  (9).  Were  the  latter  condition  also  a  factor 
in  the  normal  metabolism,  we  should  expect  that,  when  the  inhibitory 
action  of  the  thyroids  was  removed,  any  dextrose  injected  would 
cause  a  rush  of  sugar  from  the  liver  to  the  blood  stream,  and  as  a 
result,  a  greater  amount  of  glucose  would  be  excreted  in  the  first 
hour  after  injection.  But  the  results  of  Experiments  II  and  III 
show  that  such  excretion  does  not  occur.  To  settle  this  question 
finally  it  would  be  necessary  to  perform  similar  experiments  on 
animals  in  which  an  Eck’s  fistula  had  been  produced. 

Ealta  suggests  that  a  compensating  factor  may  be  developed  when 
thyroid  irregularities  have  occurred.  There  is  no  such  change 
within  a  month  at  least  (Experiment  II). 

SUMMARY. 

1.  Removal  of  the  thyroid  glands  causes  a  rise  in  the  assimilation 
limit  for  dextrose. 

2.  If  the  parathyroids  are  left,  this  result  is  permanent. 

3.  The  thyroids  probably  inhibit  normally  the  direct  combustion 
of  the  sugar  in  the  muscles. 
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THE  THERAPEUTIC  IMMUNITY  REACTION  IN  THE 
DIFFERENTIATION  OF  TRYPANOSOME  SPECIES.^ 

By  B.  T.  terry. 

{From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research, 

New  York.) 

When  mice  infected  with  the  parasites  of  caderas,  dourine,  na- 
gana,  surra  of  India,  or  surra  of  Mauritius  are  properly  treated 
with  various  therapeutic  agents,  a  temporary  immunity  is  produced. 
As  the  immunity  is  specific  (i),  the  hope  was  at  one  time  enter¬ 
tained  that  the  reaction  might  be  of  service  in  differentiating  try¬ 
panosome  species. 

This  expectation,  however,  almost  vanished  when  the  delicacy  of 
the  reaction  began  to  be  appreciated.  By  means  of  it,  Ehrlich^  (2) 
and  Browning  (3),  and  subsequently  the  writer  (4),  were  able  to 
distinguish  strains  of  trypanosomes  known  to  have  had  a  common 
origin,  but  rendered  resistant  to  various  medicaments.  With  equal 
clearness  the  reaction  enabled  the  writer  to  differentiate  normal 
trypanosomes  supposed  to  have  had  a  common  origin,  i.  e.,  the 
organisms  of  surra  of  India  and  surra  of  Mauritius. 

Although  this  extreme  delicacy  apparently  rendered  the  reaction 
useless  in  determining  species,  objections  could  be  raised  to  drawing 
this  conclusion  from  the  evidence  cited.  First,  the  resistant  strains 
differentiated  were  no  longer  normal.  As  they  had  acquired  new. 
characteristics  it  seemed  scarcely  permissible  to  draw  from  them 
inferences  as  to  the  behavior  of  organisms  that  had  never  come  in 
contact  with  therapeutic  agents.  Second,  the  common  origin  of 
surra  of  Mauritius  and  surra  of  India  is  still  questioned,  although 
the  majority  of  the  authorities  seem  to  be  of  the  opinion  that  the 
Isle  of  Mauritius  became  infected  through  thfe  importation  of 

‘Received  for  publication  August  10,  1909. 

“  In  this  article  Ehrlich  expresses  the  opinion  that  the  immunity  reaction, 
although  specific,  would  not  suffice  to  show  that  different  trypanosome  strains 
belong  to  different  species. 
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cattle  from  India  (see  Laveran  and  Mesnil  (5)).  As  long  as  even 
a  slight  doubt  remains  concerning  the  origin  of  the  Mauritian  virus, 
conclusions  from  experiments  with  this  and  the  Indian  strain  will 
fail  to  convince. 

The  experiments  to  be  reported  here  are  not  open  to  the  objections 
raised  against  the  preceding.  The  trypanosomes  employed  had 
never  been  in  contact  with  medicaments  of  any  sort  and  the  common 
origin  of  the  strains  was  beyond  question. 

Two  distinct  species  were  employed.  Caderas  was  selected  be¬ 
cause  its  trypanosomes  are  morphologically  distinguishable  from 
the  others  with  which  I  have  worked.  The  purity  of  the  virus 
could,  therefore,  be  controlled  by  the  microscope. 

For  quite  a  different  reason  surra  of  India  was  chosen.  Against 
the  parasites  of  this  infection  an  efficient  immunity  is  easily  obtained. 
If  a  spontaneous  change  in  the  virus  occurred,  it  seemed  probable 
that  the  strength  of  the  immunity  would  enable  one  to  detect  this 
with  ease  and  bring  it  into  prominence. 

Each  of  the  two  species  was  inoculated  into  two  guinea-pigs,  and 
each  guinea-pig  was  placed  in  a  separate  cage.  Cages  i  and  2 
contained  the  caderas  virus,  cages  7  and  8  the  parasites  of  surra 
of  India.  The  virus  in  these  four  cages  was  kept  separate  and 
preserved  for  twelve  months  by  successive  passages  through 
guinea-pigs. 

The  immunity  reaction  was  now  resorted  to  in  order  to  determine 
whether  the  trypanosomes  of  common  origin  had  become  differ¬ 
entiated  during  the  year  they  had  been  kept  separate.  The  first 
experiments  were  with  the  organisms  of  caderas. 

Nine  mice  (see  Table  I)  were  infected  with  the  virus  from  cage 
I,  and  seven  were  then  twice  treated  with  mixture  i.*  After  the 
seven  had  received  a  second  inoculation  with  virus  No.  i,  to  increase 
the  immunity,  five  of  them  were  tested  on  the  eleventh  day  with  the 
parasites  of  caderas  (cages  i  and  2)  and  surra  of  India  (cage  8). 
The  inoculation  with  surra  of  India  was  intended  as  a  control  on 

*  Mixture  i  consisted  of  equal  volumes  of  acetyl  atoxyl  2  per  cent,  and 
amidonaphtol  disulphonic  acid  I.8.3.6.  plus  dichlorbenzidine  (alkaline.alkaline) 
I  per  cent.  The  mixture  was  injected  subcutaneously,  the  dose  being  i  c.c.  for 
a  mouse  weighing  20  grams. 
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the  immunity.  Although  all  of  the  mice  became  infected,  a  com¬ 
parison  of  the  incubation  periods  showed  that  the  two  caderas 
strains  were  as  sharply  distinguished  as  if  they  were  different 
species.  Against  caderas  No.  i  alone  was  an  immunity  present. 
The  mice  inoculated  with  this  virus  (148.1  and  148.2)  became  in¬ 
fected  five  and  eight  days  later  than  their  control  (147.6).  On  the 
other  hand,  in  the  animals  tested  with  caderas  No.  2  (148.3  and 
148.4),  the  parasites  appeared  as  quickly  as  in  their  control  (147.7). 
Nevertheless,  in  these  mice  for  six  and  seven  days  the  trypanosomes 
remained  less  than  five  per  field.  They  then  increased  rapidly  and 
killed  the  animals  one  and  two  days  later.  The  mouse  inoculated 
with  the  parasites  of  surra  of  India  (148.5)  became  infected  at 
once  and  died  on  the  same  day  as  its  control  (147.8). 

In  order  to  offer  a  possible  explanation  for  the  long  infection  in 
the  case  of  148.3  and  148.4  it  is  necessary  to  refer  to  unpublished 
experiments.  Mice  immunized  to  one  species  of  trypanosomes 
were  tested  with  the  parasites  of  another.  As  a  rule,  these  animals 
became  infected  at  once.  Under  certain  conditions,  however,  they 
remained  negative.  On  testing  them  again,  it  was  found  that  an 
efficient  non-specific  immunity  could  develop  in  three  days.  For  this 
reason  in  examining  for  specific  immunity,  the  results  of  the  first 
forty-eight  hours  following  the  test  were  usually  regarded  as  crucial. 
The  fact  that  two  mice  (148.3  and  148.4)  inoculated  with  the  virus 
from  cage  2  became  infected  as  soon  as  their  control  indicates  that 
there  was  little  or  no  immunity  against  this  virus  on  the  eleventh 
day.  That  the  trypanosomes  in  these  mice  remained  few  in  num¬ 
ber  on  the  fourteenth,  fifteenth,  sixteenth,  seventeenth,  eighteenth 
and  nineteenth  days  (148.4)  may  indeed  have  been  due  to  immune 
bodies.  In  my  opinion,  however,  these  were  elicited,  not  by  the  cure 
of  the  virus  from  cage  i,  but  as  a  result  of  the  test  with  caderas 
from  cage  2. 

In  the  next  experiment,  the  virus  from  cage  2  was  inoculated  into 
six  mice  (see  Table  II).  Five  of  these  were  then  twice  treated 
(first  and  third  day),  reinoculated  with  caderas  from  cage  2  (fourth 
day)  and  tested  for  immunity  on  the  eleventh  day  with  virus  from 
cages  2,  I  and  8.  Again  the  two  caderas  strains  were  clearly  dis¬ 
tinguished,  although  the  differences  were  not  as  marked  as  in  the 
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first  table.  The  test  with  No.  2  had  an  incubation  period  of  four 
days  (control  2)  ;  that  with  No.  i,  two  days  (control  i)  ;  and  that 
with  surra  of  India,  one  day  (controls  i  and  2). 

It  should  be  stated  that  the  treatment  used  to  elicit  the  immunity 
in  Tables  I  and  II,  has  been  excellent  against  certain  species  of 
trypanosomes  (e.  g.,  surra  of  India  and  nagana),  but  less  effective 
against  caderas.  This  had  been  noted  in  previous  work  and  is 
clearly  shown  by  the  course  of  mouse  153.1  in  Table  II.  This 
animal  was  a  control  on  the  treatment.  Instead  of  remaining  nega¬ 
tive,  as  all  other  mice  similarly  tfeated  have  done,  it  had  relapse 
on  the  fifteenth  day  and  died  two  days  before  the  mouse  tested 
with  No.  2  (152.5).  If  a  stronger  immunity  could  have  been 
elicited  in  the  tests  given  in  Table  II,  it  is  probable  that  the  dis¬ 
tinction  between  caderas  from  cage  i  and  that  from  cage  2  would 
have  been  much  more  pronounced. 

When  it  was  seen  that  the  organisms  in  cages  i  and  2  could  be 
distinguished  by  the  immunity  reaction,  the  microscope  was  resorted 
to  in  order  to  forestall  the  possible  objection  that  my  strains  of 
caderas  had  become  contaminated.  Stained  specimens  of  the  try¬ 
panosomes  in  these  cages  were  made  and  studied.  They  were  in¬ 
distinguishable  and  the  parasites  had  the  morphologically  character¬ 
istic  minute  centrosome.  The  conclusion  was  that  no  contamination 
had  occurred  and  that  the  organisms  in  cages  i  and  2  were  those 
of  caderas. 

In  Table  I  and  the  following  tables: 

o=No  parasites  in  at  least  20  fields  (Zeiss,  lens  “  D,”  ocular  No.  4). 

+  =  Parasites  present  but  less  than  5  per  field. 

-f"l-  =  5  to  20  parasites  per  field. 

H — 1-+  =  More  than  20  parasites  per  field. 

Cad  I  =  An  injection  of  the  trypanosomes  of  Caderas  from  cage  i. 

Cad  2  =  An  injection  of  the  trypanosomes  of  Caderas  from  cage  2. 

SI  7  =  An  injection  of  the  trypanosomes  of  surra  of  India  from  cage  7. 

SI  8  =  An  injection  of  the  trypanosomes  of  surra  of  India  from  cage  8. 

Dour  =  An  injection  of  the  trypanosomes  of  dourine. 

Mx  I  =  An  injection  of  mixture  in  the  therapeutic  dose. 

In  these  three  tables  the  volume  of  the  diluted  virus  introduced  was  always 
one-fourth  of  a  c.c.,  and  with  the  exception  of  the  inoculations  on  the  twelfth  day 
in  Table  III,  all  of  the  injections  were  intraperitoneal.  On  the  twelfth  day, 
however,  the  inoculations  were  subcutaneous,  the  parasites  being  about  one  in 
twenty  fields  in  the  virus  from  cage  8,  none  in  twenty  fields  in  that  from  cage  7, 
and  one  in  three  fields  in  the  tests  with  dourine.  On  the  eleventh  day  in 
Tables  I  and  II,  the  parasites  introduced  were  about  one  per  field. 
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A  single  experiment  was  also  carried  out  with  the  surra  of 
India  in  cages  7  and  8  (see  Table  III).  The  mice  were  inoculated 
with  the  organisms  from  cage  8,  treated  as  in  the  previous  experi¬ 
ments  and  tested  on  the  twelfth  day.  Here  the  clearest  possible 
distinction  was  made  between  the  organisms  in  cage  8  and  those  in 
cage  7.  The  test  with  the  former  (150.3)  failed  completely,  while 
three  inoculations  with  the  latter  (150.4,  150.5  and  150.6)  infected 
and  killed.  The  control  inoculated  with  dourine  (150.7)  was  posi¬ 
tive  on  the  twenty-third  day.  It  then  became  negative  and  in  its 
blood  the  parasites  have  not  yet  reappeared  (sixty-second  day). 

The  changes  here  noted  in  the  caderas  and  surra  of  India  virus 
are  quite  possibly  due  to  the  parasites  having  become  serum  fest 
(see  Ehrlich  (6),  and  Mesnil  and  Brimont  (7)). 

Whatever  the  explanation  may  be,  it  is  evident  that  the  guinea- 
pig  is  an  unfavorable  animal  in  which  to  preserve  the  virus,  if  the 
therapeutic  immunity  reaction  is  to  be  employed  in  the  differentia¬ 
tion  of  trypanosome  species;  for  the  above  experiments  clearly  show 
that  trypanosomes  of  common  origin,  never  in  contact  with  medica¬ 
ments  of  any  sort,  may  behave  like  different  species  after  having 
been  preserved  in  these  animals  for  one  year. 

BIBLIOGRAPHY. 

1.  Halberstaedter,  L.,  Untersuchungen  bei  experimentellen  Trypanosomen- 
Erkrankungen,  Cent.  f.  Bakt.,  Orig.,  1905,  xxxviii,  525. 

2.  Ehrlich,  P.,  Chemotherapeutische  Trypanosomen-Studien,  Berliner  klin. 
Woeh.,  1907,  xliv,  233,  280,  310,  341. 

3.  Browning,  C.  H.,  Chemo-therapy  in  Trypanosome  Infections-;  an  Experi¬ 
mental  Study,  Jour,  of  Path,  and  Bact.,  1908,  xii,  166. 

4.  Terry,  B.  T.,  Immunity  to  Various  Species  of  Trypanosomes  Induced  in 
Mice  by  the  Cure  of  Experimental  Infections,  Proe.  of  the  Soe.  for  Exper.  Biol, 
and  Med.,  1909,  vi,  118. 

5.  Nabarro,  D.,  Trypanosomes  and  Trypanosomiases,  Trans,  from  the  French 
of  Laveran  (A.)  and  Mesnil  (F.).  Chicago,  1907,  p.  251. 

6.  Ehrlich,  P.,  Ueber  Partialfunktionen  der  Zelle,  Munchenener  med.  IVoch., 
1909,  Ivi,  217. 

7.  Mesnil,  F.,  and  Brimont,  E.,  Sur  les  proprietes  protectrices  du  serum 
des  animaux  trypanosomies.  Races  resistantes  a  ces  serums.  Ann.  de  I’Inst. 
Pasteur,  1909,  xxiii,  129-154. 


PARABIOSIS  AS  A  TEST  FOR  CIRCULATING  ANTI¬ 
BODIES  IN  CANCER.1 

First  Paper. 

By  PEYTON  ROUS,  M.D. 

{From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research, 

New  York.) 

The  union  of  two  animals,  anatomical  and  physiological,  which 
Sauerbruch  and  Heyde^  have  recently  brought  into  prominence 
under  the  name  of  parabiosis,  seems  well  adapted  for  a  demonstra¬ 
tion  of  the  presence  of  circulating  anti-bodies,  if  such  there  be,  in 
rats  and  mice  immune  to  transplantable  tumors.  The  mass  of  evi¬ 
dence  in  the  literature  is  against  such  anti-bodies,  but  the  point  re¬ 
mains  unsettled.  The  recent  cures  of  the  infectious  lympho¬ 
sarcoma  of  dogs  obtained  by  Crile  and  Beebe®  through  replacing 
a  large  part  of  the  blood  of  diseased  animals  with  that  from  im¬ 
mune  individuals  have  served  to  direct  attention  to  it  anew.  And 
while  the  objection  may  be  made  that  their  work  concerned  itself 
with  a  neoplasm  which  many  refuse  to  consider  as  a  true  “auto¬ 
nomous  new  growth,”  yet  the  question  of  circulating  anti-bodies 
thus  revived  is  too  important  to  be  let  rest. 

For  the  condition  of  parabiosis,  two  animals  are  joined  by  a  large 
peritoneal  opening  and  by  union  of  the  apposed  skin  and  connec¬ 
tive  tissue.  The  connection  brought  about  on  healing  is  more  than 
anatomical.  Bacteria  introduced  into  the  blood  of  one  animal  can 
be  isolated  from  that  of  the  other;  potassium  iodide  injected  into 
one  is  excreted  through  the  kidneys  of  both.  Further,  the  life  of 
each  individual  is  directly  dependent  on  that  of  its  fellow.  When  one 
dies  death  of  the  other  follows  within  a  few  hours.  On  such  testi¬ 
mony  for  physiological  union  Sauerbruch  and  Heyde,  Morpurgo,^ 

^Received  for  publication  September  i,  1909. 

*F.  Sauerbruch  and  M.  Heyde,  MUnchener  med.  Woch.,  1908,  Iv,  153;  Zeit. 
f.  exper.  Path.  u.  Therap.,  1909,  vi,  33. 

*  G.  W.  Crile  and  S.  P.  Beebe,  Jour,  of  Med.  Research,  1908,  xviii,  385. 

*  B.  Morpurgo,  MUnchener.  med.  Woch.,  1908,  Iv,  2446. 
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Jehn,®  and  Forschbach®  have  utilized  the  condition  for  experimental 
work  on  peritonitis,  uraemia,  pancreas  diabetes  and  on  sex  determi¬ 
nation.  Their  results  bring  out  in  a  remarkable  manner  the  close¬ 
ness  of  the  relationship  in  parabiosis. 

In  the  idea  that  parabiosis  can  give  important  testimony  on  the 
presence  of  anti-bodies  for  cancer  I  have  united  tumor-bearing 
animals  to  others  that  have  shown  themselves  strongly  resistant 
to  such  growths,  and  have  carefully  noted  the  subsequent  course 
of  the  tumors.^  Experiments  are  yet  in  progress,  inclusive  of  tests 
with  animals  in  which  large  tumors  receded,  but  the  early  results 
having  been  so  clear-cut  as  to  warrant  this  note. 

According  to  Sauerbruch  and  Heyde,  it  is  necessary,  in  order 
that  the  union  of  the  individuals  shall  endure,  for  them  to  be  young, 
of  the  same  sex,  and  above  all,  of  the  same  litter.  They  worked 
with  rabbits,  dogs  and  cats,  and  their  animals  lived  at  best  only 
three  weeks.  But  Molpurgo,  using  young  rats  of  the  same  litter, 
found  that  it  was  not  necessary  for  them  to  be  of  the  same  sex. 
One  couple  lived  three  months.  In  my  work  the  condition  of  like 
sex  that  he  disregarded  was  alone  complied  with.  The  white  rats 
joined  were  all  adult,  some  old,  none  of  the  same  litter,  and  those 
put  together  were  of  unequal  size  and  age.  Nevertheless  union 
by  first  intention  was  prompt,  and  was  found  to  be  permanent  in 
the  life  of  the  couple.  Four  such  pairs  (out  of  five)  survived 
operation  and  figure  in  the  present  experiment.  One  pair  lived 
thirty-four  days,  two  others  twenty-six  and  twenty-two  days  re¬ 
spectively,  and  the  fourth  was  killed  after  two  weeks.  In  con¬ 
sidering  these  figures  it  should  be  remembered  that  one  animal 
of  each  pair  had  a  large  growing  tumor,  and  that  an  important 
physiological  difference  existed  between  the  individuals  joined, 
viz.,  that  of  behavior  to  a  new  growth.  Manifestly  those  general 

“W.  Jehn,  Zeit.  f.  exper.  Path.  u.  Therap.,  1909,  vi,  17. 

*  J.  Forschbach,  Deutsche  med.  Woch.,  1908,  xxxiv,  910;  Areh.  f.  exper.  Path, 
u.  PhartnakoL,  1909,  lx,  132. 

'  E.  Ranzi  and  H.  Ehrlich  {Zeit.  f.  Immunitdtsforsch.,  1909,  iii,  38)  have 
just  published  observations  on  the  transmission  of  anti-bodies  in  parabiotic 
animals.  Circulating  anti-bodies  are  to  be  found,  twenty-four  hours  after  their 
introduction  into  the  vessels  of  one  animal,  equally  distributed  through  the 
blood  of  both. 
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tissue  distinctions  based  on  age,  parentage  and  sex  are  much  less 
marked  in  white  rats  than  in  some  other  species. 

Strong  animals  bearing  the  Flexner-Jobling  tumor  were  selected 
and  united  to  others  resistant  to  the  same  neoplasm.  The  Flexner- 
Jobling  tumor  is  an  adeno-carcinoma  of  quick  growth,  which  yields 
8o  to  loo  per  cent,  of  takes  on  transplantation.  It  seemed  especi¬ 
ally  suited  for  the  test  because  of  the  small  per  cent,  of  cases,  ac¬ 
cording  to  the  most  recent  observations,  in  which  the  neoplasm, 
when  once  well  started,  retrogresses;  and  also  because  rats  which 
do  not  develop  this  “  virulent  ”  tumor  on  repeated  implantation  have 
demonstrated  their  natural  immunity  as  conclusively  as  the  test 
by  means  of  tumor-growth  allows.  The  tumor-bearing  individuals 
possessed  midway  on  the  right  side,  in  the  subcutaneous  tissue,  a 
mass  of  I  to  3.4  centimeters  diameter,  in  which  growth  was  pro¬ 
gressing  steadily.  Such  neoplasms  may  possibly  not  be  brought 
to  complete  disappearance  through  the  slow  and  long-continued 
introduction  of  immune  substances,  but  they  should  at  least  show 
changes  in  activity  as  evidenced  by  a  delayed  extension.  Their 
size  was  therefore  recorded  with  care  every  two  or  three  days. 

The  resistant  animals  employed  had  failed  on  three  implantations 
of  tumor  material  to  develop  a  growth.  These  implantations  had 
been  made  at  intervals  of  ten  days  to  a  month,  and  ten  days  after 
the  last  the  animals  were  employed  for  the  experiment.  Other 
rats  had  received  like  implantations  at  the  same  time  and  these 
developed  takes  in  the  usual  high  percentage.  The  small  bits  of 
tumor  were  all  placed,  by  means  of  a  trocar,  in  the  subcutaneous 
tissue  of  the  left  side.  It  was  this  left  side,  where  local  immunity 
was  presumably  highest,  that  was  joined  to  the  right  side  of  the 
tumor  animals,  with,  as  has  been  said,  union  by  first  intention. 

Operation  was  done  according  to  the  method  outlined  by  Sauer- 
bruch  and  Heyde.  Each  animal  had  been  given  beforehand  an 
intraperitoneal  injection  of  one-twelfth  grain  of  morphine  sulphate. 
The  opening  between  the  peritoneal  cavities  extended  from  the  ribs 
to  the  groin,  and  the  union  of  subcutaneous  tissue  and  skin  along 
the  whole  side  from  fore-leg  to  hind.  Special  pains  were  taken  that 
the  light  yoke  of  adhesive  plaster  used  to  hold  the  animals  together 
should  not  interfere  with  the  tumor’s  blood-supply. 
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The  individual  protocols  will  not  be  given  here.  In  all  instances 
the  resistant  animal  was  the  larger  and  stronger.  This  was  inten¬ 
tional,  the  idea  being  to  furnish  the  tumor-animal  a  good  source  for 
possible  anti-bodies.  After  the  animals  of  pair  B  4,208  had  com¬ 
pletely  united,  methylene  blue  was  injected  subcutaneously  into  the 
immune  and  later  was  demonstrated  in  the  urine  from  both.  An 
emulsion  of  bone  black  was  injected  into  the  peritoneal  cavity  of 
the  immunes,  and  later  the  omentum  of  three  of  the  four  tumor 
animals  was  found  heavily  charged  with  it.  In  the  fourth  case 
(A  4,170)  an  intestinal  hernia  had  blocked  off  the  opening.  In 
all,  during  life,  the  intestine  or  the  spleen  (of  the  right-hand,  or 
immune,  animal)  could  be  felt  prolapsed  through  the  tubular  con¬ 
nection  between  the  two  rats.  But  the  peritoneal  route  for  the 
transfer  of  body  fluids  can  hardly  have  the  importance  of  that 
through  the  multitude  of  new  capillaries  and  lymph-vessels  in  the 
zone  of  union. 

TABLE  I. 

Those  marked  "  A  ”  were  inoculated  May  18,  1909,  with  material  from  the  28th 
generation,  strain  E,  animal  No.  4098. 

Those  marked  "  B  ”  were  inoculated  May  19,  1909,  with  material  from  the  28th 
generation,  strain  E,  animal  No.  4110. 


Date,  1909. 

June  10. 

June  II. 

V 

c 

s 

June  17. 

June  19. 

June  21, 

June  24. 

June  26. 

i) 

a 

9 

*9 

6\ 

B4,2o8 

Parabiotic. 

3.9* 

3-7 

6.4  6.5 

5-9 

7.5 

Thin  and  ill, 

killed  June  24. 

B4,20I 

Control. 

3-5 

5-5  6.0 

6.2 

8.3 

B4,207 

Control. 

3.8 

6.6;  7.6 

9.2 

12.4 

A4,I78 

Parabiotic. 

1.2* 

2.0 

2.9|  3-4 

3.1 

5.1 

5.5 

7.0 

7.6 

-Died  July 

B4,205 

Control. 

2.4 

3-2  3-4 

3-9 

5.6 

6.7 

7.0 

7.6 

8.4 

8.8 

A4,i7o 

Parabiotic. 

2.2* 

2.3 

3.5:  5.0 

5.1 

6.5 

6.5 

7.6 

7.9 

8.7 

9-5 

Died  July  14. 

A4,i69 

Control. 

1.4 

1.7  2.2 

1-3 

2.4 

3.2 

3-6 

4.0 

A4,174 

Parabiotic. 

1.7* 

1.8 

1.8  2.5 

3.1 

4.1 

4.7 

6.5 

7.0 

Died  July  6. 

A4.18S 

Control. 

6.3 

8.21  9.4 

12.0 

12.0 

I4.I 

Tumor-growth  in  all  the  animals  had  been  continuous  to  the  time  of  the 
experiment. 

*  Operation  this  day. 


The  animals  taken  as  controls  were  of  the  same  lot,  inoculation, 
and  approximate  age  as  the  tumor-bearing  ones  in  parabiosis;  and 
their  growths  had  run  a  like  course,  and  were  of  much  the  same 
size  as  those  in  the  experiment  proper.  They  were  not  placed  in 
parabiosis.  In  view  of  the  tediousness  of  the  procedure  that  was 
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deemed  unnecessary  until  a  first  series  of  tests  had  brought  out 
some  differences  in  tumor-growth  between  parabiotic  animals  and 
controls.  Such  a  difference  has  not  been  found. 

The  accompanying  table  brings  out  clearly  the  results.  The 
figures  representing  tumor  growth  are  a  product  of  the  multiplica¬ 
tion  of  the  length  and  breadth  of  each  mass  as  measured  in  centi¬ 
meters.  Such  a  product  does  not  represent  the  actual  area  of  the 
disc-shaped  tumors. 

The  table  shows  that  growth  of  the  tumors  was  in  general 
unaffected  by  a  parabiotic  union  of  the  host  with  a  resistant  animal. 
When  it  is  recalled  that  the  controls  remained  throughout  in  good 
health,  whereas  the  parabiotic  couples  failed  and  died,  the  corre¬ 
spondence  in  progress  of  the  tumors  becomes  the  more  noteworthy. 
Had  retrogression  appeared,  a  larger  series  of  tests  would  have  been 
necessary  to  prove  it  other  than  spontaneous,  and  thus  independent 
of  the  parabiosis.  But  the  freedom  of  the  masses  in  the  parabiotic 
animals  in  these  experiments  from  even  a  general  retardation  of 
growth  lends  to  the  observations  a  distinct  value. 


PHAGOCYTIC  IMMUNITY  IN  STREPTOCOCCUS 
INFECTIONS.! 

By  J.  C.  MEAKINS,  M.D. 

Resident  Pathologist  to  the  Presbyterian  Hospital,  New  York. 

(From  the  Pathological  Laboratory  of  the  Presbyterian  Hospital.) 

Study  of  the  means  whereby  the  human  organism  combats  strep¬ 
tococcus  has  had  an  important  part  in  the  investigation  of  infectious 
diseases.  Metchnikoff  in  1887  first  observed  phagocytosis  of  strep¬ 
tococci  with  erysipelas.  This  observation,  associated  with  the 
marked  leucocytosis  found  in  infections  due  to  the  streptococcus, 
naturally  lead  to  the  opinion  that  phagocytosis  was  an  important 
means  of  overcoming  such  infections.  Bordet,^  Denys  and  Le 
Clef,^  and  van  der  Velde^  have  demonstrated  that  phagocytosis  both 
in  the  animal  body  and  in  test-tube  experiments  may  be  a  power¬ 
ful  agent  for  destruction  of  streptococci.  Ruediger®  has  shown  that 
human  serum  has  no  bactericidal  action  on  streptococcus  but  when 
leucocytes  and  serum  are  incubated  with  streptococci,  destruction 
of  the  organism  is  accomplished.  I  have  demonstrated®  that  the 
serum  of  rabbits  immunized  to  living  streptococci  acquires  a  greatly 
increased  power  to  promote  phagocytosis  which  may  be  one  hundred 
times  that  of  normal  serum  and  nevertheless  the  serum  has  prac¬ 
tically  no  bactericidal  activity. 

The  part  of  phagocytosis  in  human  infection  with  streptococcus 
has  been  investigated  by  many  workers  but  quantitative  estimation 
of  the  power  of  the  blood  serum  to  promote  phagocytosis  has  usu¬ 
ally  been  made  by  the  use  of  the  “  opsonic  index  ”  of  Wright.  The 
results  have  been  inconclusive,  since  a  high  degree  of  immunity  has 

*  Received  for  publication  July  10,  1909. 

^  Ann.  de  I’Inst.  Pasteur,  1896,  x,  104;  1897,  xi,  177. 

*1.0  Cellule,  1895,  xi,  175. 

*  Ann.  de  I’Inst.  Pasteur,  1896,  x,  580. 

^  Jour,  of  the  American  Med.  Assn.,  1905,  xliv,  198. 

*Jour.  of  Ex  per.  Med.,  1908,  xi,  100. 
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seldom  been  observed  and  the  charts  which  have  been  published  ex¬ 
hibit  great  variations  and  daily  irregularities  which  are  dependent 
upon  the  inaccuracy  of  the  method.  Nevertheless  they  have  demon¬ 
strated  that  the  activity  of  phagocytosis  is  not  normal  and  especially 
during  convalescence  from  such  infection  a  slight  increase  of  the 
opsonins  for  streptococcus  may  occur. 

In  immunized  animals  I  have  demonstrated  a  high  degree  of 
opsonic  immunity  by  diluting  the  blood  serum  and  determining  at 
what  dilution  phagocytosis  ceases  to  occur.  In  the  present  work  I 
have  applied  this  method  to  the  investigation  of  the  opsonic  immu¬ 
nity  which  occurs  with  streptococcus  infections  in  man.  The  tech¬ 
nique  employed  has  been  identical  with  that  used  in  my  experiments 
on  animals  and  in  all  instances  the  streptococcus  which  has  been  iso¬ 
lated  from  the  infected  individual  has  been  used  to  estimate  his 
phagocytic  power.  The  leucocytes  were  always  obtained  from  the 
blood  of  a  normal  individual.  Since  chronic  infection  affords  the 
best  opportunity  for  observing  the  course  and  development  of  im¬ 
munity  the  following  case  of  chronic  septic  endocarditis  was 
investigated. 

History  No.  5166. — W.  C.,  aged  24  years,  white,  male,  was  admitted  to  the 
Presbyterian  Hospital  on  February  12,  1909,  in  the  service  of  Dr.  James,  to 
whom  I  am  indebted  for  the  privilage  of  reporting  the  clinical  history. 

Personal  History. — The  patient,  a  butler,  used  alcohol  in  moderation;  tobacco 
in  excess.  When  a  child  he  had  mumps  and  at  the  age  of  fifteen  he  had 
scarlatina,  followed  by  a  severe  attack  of  acute  rheumatic  fever,  lasting  six 
months.  Four  years  later  he  suffered  with  a  second  attack  of  acute  rheu¬ 
matic  fever  lasting  from  four  to  five  months.  During  the  past  two  years  he 
had  two  mild  attacks  of  gonorrheal  urethritis,  from  both  of  which  he  made 
an  apparently  complete  recovery.  Luetic  history  was  denied. 

History  of  the  Present  Illness. — About  January  i,  1909,  there  was  general 
malaise,  anorexia,  drowsiness,  vertigo,  and  edema  of  the  eye-lids.  At  the 
same  time  there  were  pains  throughout  the  extremities  but  especially  about  the 
joints,  and  the  left  knee  was  swollen  and  reddened.  Weakness  gradually  in¬ 
creased  and  there  was  loss  of  weight.  There  was  considerable  sweating  and 
slight  mucoid  expectoration  but  no  chills,  dyspnea,  orthopnea  or  cough. 

Physical  Examination  on  Entrance  to  the  Hospital. — The  patient  is  a  fairly 
well-nourished  man  apparently  about  25  years  of  age  and  is  somewhat  anemic. 
The  eyes  and  ears  are  normal;  the  tonsils  are  not  enlarged;  the  teeth  are  in 
very  poor  condition.  The  axillary  and  inguinal  lymph  nodes  are  palpable.  The 
thorax  is  well  formed  and  the  subcostal  angle  is  wide. 

Impulse  at  the  apex  of  the  heart  is  visible  and  palpable  in  the  fifth  inter¬ 
costal  space,  8.5  cm.  to  the  left  of  the  mid-sternal  line.  The  limits  of  the 
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cardiac  dulness  are  12  cm.  to  the  left  and  4  cm.  to  the  right  of  the  mid-sternal 
line.  The  cardio-hepatic  angle  is  slightly  blunted.  On  auscultation  there  is 
heard  at  the  apex  a  loud,  harsh,  and  high  pitched  systolic  murmur  which  im¬ 
mediately  follows  the  first  sound  and  lasts  throughout  the  systole.  This  mur¬ 

mur  is  well  transmitted  into  the  axilla.  At  the  base  of  the  heart  there  is  heard 
a  soft  blowing  systolic  murmur  different  in  character  from  that  heard  at  the 
apex,  and  it  is  faintly  transmitted  into  the  vessels  of  the  neck.  Over  the  aortic 
area  there  is  heard  a  soft  diastolic  murmur  with  the  point  of  maximal  intensity 
in  the  fourth  intercostal  space  just  to  the  left  of  the  sternum;  it  is  lost  towards 
the  apex. 

The  pulse  rate  is  about  too  to  the  minute.  It  is  full  in  systole  with  a  sharp 

fall  in  diastole.  The  tension  is  not  inci;eased  and  the  vessel  wall  is  slightly 

thickened.  A  capillary  pulse  is  visible  in  the  finger-nails. 

The  lungs  appear  normal:  The  abdomen  is  round  and  symmetrical  and  ex¬ 
hibits  no  tenderness.  The  liver  and  spleen  are  not  enlarged.  There  is  a  very 
slight  mucoid  discharge  from  the  urethra  in  which  very  few  pus  cells  and  no 
gonococci  are  found.  Urine,  acid,  sp.  gr.  1024,  contains  a  faint  trace  of  albu¬ 
min  and  a  few  hyaline  casts.  For  the  temperature  curve  see  Chart  I.  Table 
I  shows  the  findings  of  the  various  blood  examinations. 


TABLE  I. 


Date. 

White  blood  cells. 

Hemoglobin. 

Red  blood  cells. 

Blood  culture. 

Feb.  12,  ’09. 

“  13- 

“  IS- 
“  17. 

“  24. 

Mar.  I. 

17.700 

18.000 

23.000 

14.600 

70  per  cent. 

4.300.000 

Streptococcus. 

Streptococcus. 

“  8. 

1  14.000 

68  per  cent. 

4.500.000 

“  23. 

Apr.  5. 

“  8. 

i  17.200 

1  14.OO0 

! 

65  per  cent. 

3.800.000 

Streptococcus. 

Sterile. 

“  24. 

May  7- 

'  12.400 

60  per  cent. 

3.000.000 

Sterile. 

Differential  Count  (Feb.  13). — Polymorphonuclear  leucocytes,  73.5 'per  cent.; 
transitionals,  2.5  per  cent.;  large  mononuclears,  o  per  cent.;  l3miphocytes,  23.5 
per  cent.;  basophiles,  0.5  per  cent. 

On  February  20,  1909,  a  vaccine  prepared  with  streptococci  obtained  from 
the  patient’s  blood  on  February  13  was  given.  For  the  estimated  amount  and 
frequency  of  administration  see  Table  II. 

March  9,  /pop. — Signs  of  fluid  were  discovered  in  the  right  pleural  cavity  and 
25  c.c.  of  slightly  turbid,  amber  fluid  were  obtained  by  exploratory  puncture. 
Its  specific  gravity  was  1021,  it  formed  a  large  coagulum,  and  there  was  little 
sediment.  Albumin  was  55  per  cent,  by  volume;  reducing  bodies  were  present. 
Differential  count  of  cells  was  as  follows:  polymorphonuclear  leucocytes,  30 
per  cent. ;  large  mononuclear  leucocytes,  20  per  cent. ;  lymphocytes,  24  per 
cent. ;  eosinophiles,  i  per  cent. ;  endothelial  cells,  25  per  cent.  Media  inocu¬ 
lated  for  cultures  remained  sterile. 
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TABLE  II. 


Number  of  vaccination. 

Date  of  vaccination. 

Amount  of  vaccine  in 
hundred  million  streptococci. 

I 

Feb.  20 

one 

2 

Feb.  24 

one 

3 

Mar.  6 

two 

4 

Mar.  12 

two 

5 

Mar.  16 

three 

6 

Mar.  21 

three 

7 

Mar.  26 

three 

8 

Mar.  31 

four 

9 

Apr.  5 

four 

10 

Apr.  10 

four 

II 

Apr.  15 

•  four 

12 

Apr.  20 

four 

13 

Apr.  25 

five 

14 

Apr.  30 

five 

15 

May  5 

five 

16 

May  10 

five 

March  24,  1909. — An  ulcerated  tooth  was  extraced  and  the  temperature  fell 
to  loi®  R,  remaining  depressed  for  three  days. 

May  5,  1909. — The  condition  has  remained  almost  unchanged  but  the  area 
of  cardiac  dulness  is  a  little  larger  and  the  murmurs  are  louder.  On  this  date 
the  patient  developed  measles  and  was  transferred  to  the  isolation  ward. 

May  14,  1909. — The  patient  has  complained  of  pains  in  the  joints  but  these 
pains  have  disappeared;  he  is  feeling  better  than  at  any  time  since  entering  the 
hospital  and  expects  to  be  soon  completely  recovered. 

May  17,  1909. — At  i  A.  M.  the  patient  suddenly  became  nauseated,  vomited 
and  complained  of  headache.  His  speech  was  thick  and  there  was  hemiplegia 
of  the  left  side  with  dilatation  of  the  right  pupil  and  failure  of  both  pupils  to 
react  to  light.  Unconsciousness  soon  supervened  and  the  patient  died  after  six 
hours.  An  autopsy  was  refused. 

Clinical  Diagnosis. — Chronic  septic  endocarditis  (streptococcus) ;  chronic 
valvular  disease  (mitral  and  aortic)  ;  sero-fibrinous  pleurisy ;  embolism  in  spleen ; 
embolism  of  the  right  middle  cerebral  artery;  measles. 

The  patient  was  under  observation  during  a  period  of  three 
months  and  during  this  time  the  opsonic  power  of  the  blood  serum 
was  estimated  at  intervals  of  from  five  to  seven  days.  An  examina¬ 
tion  of  the  chart  demonstrates  that  this  property  of  the  blood  serum 
may  be  greatly  increased  by  chronic  infection  with  streptococcus, 
reaching  a  strength  fifty  times  greater  than  normal.  The  opsonic 
power  of  normal  blood  serum  was  frequently  determined  (see  Chart 
i)  and  it  does  not  exhibit  the  fluctuations  v»?hich  are  almost  con¬ 
stantly  present  in  curves  obtained  by  use  of  the  ordinary  opsonic 
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erpendicular  lines  at  the  top  of  the  chart  represent  administration 
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index.  Since  fluctuations  are  slight  the  possibility  of  errors  of 
technique  may  be  neglected. 

During  the  period  from  March  9  to  March  23  there  was  a  gradual 
lessening  of  the  opsonic  power  from  600  to  250,  maintained  for  a 
time  and  followed  by  a  gradual  increase.  Examination  of  the  his¬ 
tory  shows  that  on  March  9  the  patient  first  exhibited  signs  of 
acute  sero-fibrinous  pleurisy  which  had  completely  disappeared  by 
April  I  when  the  opsonic  power  had  again  returned  to  its  former 
high  level.  Whether  the  pleurisy  was  the  cause  or  the  result 
of  the  depression  of  the  opsonic  power  is  uncertain.  Since  the 
onset  of  pleurisy  apparently  antedated  depression  of  the  opsonic 
power  by  a  few  days,  and  the  subsequent  rise  of  the  opsonic  power 
was  synchronous  with  the  improvement  of  the  pleural  lesion,  it  is 
probable  that  the  diminution  of  the  opsonins  was  the  result  of  the 
pleurisy. 

A  vaccine  prepared  from  the  streptococcus  cultivated  from  the 
patient’s  blood  was  administered  by  subcutaneous  injection  at  inter¬ 
vals  of  from  five  to  seven  days.  The  first  dose  was  one  hundred 
million  streptococci  and  this  amount  was  gradually  increased  until 
five  hundred  million  streptococci  were  given  at  each  dose.  The 
patient  was  vaccinated  sixteen  times  and  a  total  of  fifty-four  hun¬ 
dred  million  streptococci  was  received.  The  effect  of  the  vaccina¬ 
tion  is  not  apparent  as  the  opsonic  power  of  the  serum  shows  no 
definite  change  ascribable  to  the  administration  of  the  vaccine. 
Whether  the  gradual  increase  of  the  phagocytic  power  during  the 
later  part  of  the  illness  is  due  to  the  increased  dosage  is  uncertain. 
The  condition  of  the  patient  did  not  improve  while  he  was  under 
observation.  There  was  however  only  moderate  loss  of  weight, 
the  red  blood  corpuscles  diminished  in  number  very  slowly,  the 
amount  of  hemoglobin  was  very  slightly  reduced  and  up  to  a  few 
hours  before  death  the  patient  felt  well,  although  streptococci  were 
repeatedly  found  in  the  circulating  blood. 

During  the  past  two  years  nine  cases  of  chronic  septic  endocarditis, 
in  which  streptococci  were  isolated  from  the  blood,  have  been  observed 
in  the  wards  of  the  Presbyterian  Hospital.  All  of  these  patients  died 
after  a  more  or  less  chronic  illness.  Autopsies  were  obtained  in  seven 
of  the  cases,  in  all  of  which  the  clinical  diagnosis  was  confirmed. 


J.  C.  Meakins. 


821 


Five  of  the  patients  were  treated  by  the  administration  of  homolo¬ 
gous  vaccines  while  in  four  only  symptomatic  treatment  was  em¬ 
ployed.  The  duration  of  the  illness  in  the  cases  treated  by  vaccina¬ 
tion  averaged  sixteen  w'eeks  while  in  the  unvaccinated  cases  the 
duration  of  the  illness  averaged  eight  weeks.  Although  the  vaccines 
have  not  produced  any  definite  improvement  in  the  clinical  picture 
or  in  the  opsonic  power  there  is  some  indication  that  they  have 
preserved  the  patient’s  strength  and  prolonged  the  period  of  life. 

In  all  the  estimations  of  the  opsonic  power  of  the  blood  serum 
in  the  case  which  has  been  described  the  streptococcus  isolated  from 
the  blood  of  the  patient  has  been  used.  In  order  to  ascertain  if  the 
opsonic  power  of  the  patient’s  semm  was  equally  active  towards 
other  streptococci  duplicate  experiments  were  made  with  other 
strains  of  streptococcus.  The  results  demonstrate  that  the  patient’s 
blood  may  be  very  powerful  towards  the  homologous  strains  of 
streptococcus  although  towards  heterologous  strains  it  may  be 
little  stronger  than  normal  serum  (see  Table  III). 


TABLE  III. 


Streptococcus  and  its 
source. 

Relation  of 
streptococcus  to 
patient’s  serum. 

Dilution  of 
patient's  serum  at 
which  phagocy¬ 
tosis  ceases. 

Dilution  of  normal 
serum  at  which 
phagocytosis 
ceases  (control). 

Number  of  cocci 
per  leucocyte 
in  Ringer's 
solution. 

Strep.  C. — Blood  ;  en¬ 
docarditis. 

Homologous. 

I  to  720 

I  to  30 

0.5 

Strep.  R. — Blood  ;  pel¬ 
vic  cellulitis. 

Heterologous. 

I  to  45 

I  to  30 

0.45 

Strep.  Ca. — Blood;  pur¬ 
puric  infection. 

Heterologous. 

I  to  30 

I  to  30 

0.6 

Strep.  K. — Blood  ;  en¬ 
docarditis. 

Heterologous. 

I  to  30 

I  to  30 

0.4 

The  result  of  this  experiment  was  so  definite  that  streptococci 
isolated  from  the  blood  or  from  local  lesions  of  other  cases  were 
tested  both  with  the  serum  of  the  patient  from  which  the  organism 
was  isolated  and  with  the  blood  serum  of  other  individuals  with 
streptococcus  infection. 

Two  strains  (Streptococcus  McL.  and  K.)  were  phagocyted  just 
as  well  in  Ringer’s  solution  as  in  serum.  Streptococcus  K.  was 
taken  directly  from  a  bouillon  blood  culture  containing  blood  of  the 
patient  and  the  organisms  were  doubtless  completely  opsonized  by 
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TABLE  IV. 


No.  repre¬ 
senting  pa¬ 
tients  from 
whom  serum 
was  obtained. 

Streptococcus  and  its 
source. 

Relation  of 
streptococcus 
to  patient’s 
serum. 

Dilution  of 
patient’s  serum 
at  which  pha¬ 
gocytosis 
ceases. 

Dilution  of 
normal  serum 
at  which  pha¬ 
gocytosis 
ceases 
(control). 

Number  of 
cocci  per 
leucocyte  in 
Ringer’s 
solution. 

I 

Strep.  H. — Tonsil;  ton¬ 
sillitis. 

Homologous. 

I  to  240 

I  to  30 

0.7 

Strep.  G. 

Heterologous. 

I  to  30 

I  to  30 

o-S 

II 

Strep.  Ha. — Tonsil;  ton¬ 
sillitis. 

Homologous. 

I  to  150 

I  to  30 

0-5 

Strep.  G. 

Heterologous. 

I  to  30 

I  to  30 

'  0.6 

III 

Strep.  G. — Tonsil;  ton¬ 
sillitis. 

Homologous. 

I  to  120 

I  to  30 

o-S 

Strep.  H. 

Heterologous. 

I  to  30 

I  to  30 

0.7 

Strep.  Ha. 

Heterologous. 

I  to  30 

I  to  30 

0.7 

IV 

Strep.  McL. — Tonsil; 
tonsillitis. 

Homologous. 

Spontaneous. 

I  Spontaneous. 

Spontaneous. 

Strep.  Ha. 

Heterologous. 

I  to  15 

i  I  to  30 

o-S 

Strep.  H. 

Heterologous. 

I  to  30 

I  to  30 

0.6 

V 

Strep.  Ca. — Blood ;  pur¬ 
puric  infection. 

Homologous. 

I  to  480 

j  I  to  30 

i 

o.SS 

Strep.  C. — Blood ;  en- 

Heterologous. 

I  to  30 

I  to  30 

0.6 

docarditis. 

VI 

Strep.  R. — Blood ;  pel¬ 
vic  cellulitis. 

Homologous. 

I  to  240 

I  to  30 

0.7 

Strep.  C. 

Heterologous. 

I  to  30 

I  to  30 

0-5 

VII 

Strep.  K. — Blood ;  mas¬ 
toiditis  (blood  bouillon 
medium). 

Homologous. 

Spontaneous. 

Spontaneous. 

Spontaneous. 

Strep.  K. — (agar-agar 
medium). 

Homologous. 

I  to  480 

I  to  30 

0.6 

Strep  C. 

1  Heterologous. 

I  to  30 

I  to  30 

0-5 

opsonins  in  the  patient’s  serum.  The  dilution  of  the  blood  in  the 
blood  culture  (5  c.c.  of  blood  in  125  c.c.  of  bouillon)  was  one  part 
to  twenty-five,  a  dilution  well  within  the  strength  necessary  to  com¬ 
pletely  opsonize  the  cocci.  A  second  experiment  shows  that  when 
the  streptococci  were  grown  on  plain  agar-agar  this  spontaneous 
phagocytosis  did  not  occur. 

The  spontaneous  phagocytosis  of  Streptococcus  McL.  could  not 
be  explained  as  it  occurred  repeatedly  even  when  the  organism  was 
grown  on  plain  agar-agar.  The  possibility  that  the  leucocytic 
emulsion  which  was  used  might  contain  sufficient  serum  to  promote 
phagocytosis  was  eliminated  by  drawing  blood  from  a  normal  indi¬ 
vidual  (as  in  all  the  other  experiments)  into  sodium  citrate  solution, 
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and  washing  the  corpuscles  three  times  with  Ringer’s  solution. 
That  this  procedure  was  sufficient  to  remove  opsonins  was  proven 
by  testing  the  same  leucocytic  emulsion  with  other  streptococci 
which  were  not  phagocyted  spontaneously.  This  observation  em¬ 
phasizes  the  necessity  of  making  a  control  experiment  to  determine 
if  the  organism  employed  undergoes  phagocytosis  in  normal  salt 
solution  or  other  allied  fluid  such  as  Ringer’s  solution  which  does 
not  contain  blood  serum;  the  results  of  these  tests  are  given  in  the 
last  column  of  Tables  III  and  IV. 

In  all  the  experiments  the  serurrl  of  the  patient  infected  with 
streptococcus  produced  marked  phagocytosis  of  its  own  strepto¬ 
coccus  whereas  the  serum  of  this  patient  was  only  slightly  more 
active  than  normal  against  the  heterologous  streptococcus.  The 
marked  difference  in  the  effect  of  the  serum  of  a  patient  on  his  own 
streptococcus  and  on  streptococci  from  other  sources  and  the  con¬ 
stancy  with  which  such  differences  occur  show  that  different  strains 
of  streptococci  may  produce  an  opsonic  immunity  for  a  particular 
streptococcus  which  is  not  effective  for  other  strains.  If  further 
experiments  prove  that  this  phenomenon  is  constant,  the  failure  of 
anti-streptococcic  serum  to  produce  satisfactory  results  may  be  ex¬ 
pected,  for  the  opsonic  activity  of  such  sera  is  the  principal,  if 
not  only,  means  they  possess  for  overcoming  the  streptococcus. 
Aronson”^  claims  to  have  produced  an  anti-streptococcic  serum  from 
horses  which  will  protect  an  animal  from  a  lethal  dose  of  the  strep¬ 
tococcus  used  to  produce  the  immunity.  But  he  found  that  such  a 
serum  was  much  less  active  against  other  strains  of  streptococci 
even  though  these  strains  were  obtained  from  the  same  disease  in 
man.  This  may  be  explained  by  the  facts  demonstrated  in  the 
above  experiments,  namely  that  the  animal  organism  can  produce 
protective  substances,  opsonins,  which  will  act  upon  the  infecting 
strain  of  streptococcus  but  are  comparatively  inactive  towards  an 
heterologous  strain. 

In  the  cases  treated  by  vaccination  there  is  no  direct  evidence  that 
the  vaccines  have  been  of  any  value.  But  the  observations  described 
above  show  that  little  result  may  be  expected  from  the  use  of  heterol¬ 
ogous  vaccines  (streptococcus),  and  if  streptococcus  vaccines  are 

'Berliner  klin.  Woch.,  1902,  xxix,  981. 
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employed  they  should  be  prepared  from  the  homologous  strain  of 
streptococcus. 

CONCLUSIONS. 

1.  In  infections  with  streptococcus  in  man,  such  as  acute  septic 
endocarditis,  and  tonsillitis,  there  is  produced  a  powerful  opsonic 
immunity. 

2.  This  opsonic  immunity  is  effective  towards  the  streptococcus 
which  has  caused  infection  but  may  be  ineffective  in  the  presence  of 
streptococcus  from  other  sources. 

3.  Little  benefit  can  be  expected  from  streptococcus  vaccines 
unless  they  are  prepared  from  the  streptococcus  which  has  caused 
infection. 


ON  THE  CHARACTER  OF  PROTEIN  METABOLISM  IN 
CHRONIC  NEPHRITIS.! 


By  P.  a.  LEVENE,  L.  KRISTELLER  and  D.  MANSON. 


(From  the  Research  Division  of  the  Montefiore  Home  for  Chronic  Invalids, 

New  Yor^.) 

The  study  of  the  character  of  protein  metabolism  in  chronic  dis¬ 
eases  of  the  kidneys  thus  far  failed  to  bring  to  light  any  specific 
peculiarities  due  to  the  disease,  nor  did  it  bring  the  conviction  that 
the  nitrogenous  metabolism  in  these  conditions  had  a  normal  course.^ 
The  reason  for  the  failure  in  obtaining  the  desired  information 
lay  in  the  insufficiency  of  the  secretory  function  of  the  diseased 
organs.  Thus,  even  on  a  diet  constant  in  its  nitrogen  content  the 
nitrogen  output  in  nephritis  varied  from  day  to  day  so  that  v. 
Noorden  characterized  it  as  “  bizarre.”  The  contradictory  views  on 
the  character  of  protein  metabolism  reached  by  individual  obser¬ 
vers  is  due  in  a  great  measure  to  this  peculiarity  of  the  eliminating 
capacity  of  the  diseased  kidneys.  True,  in  many  instances  the  con¬ 
ditions  of  the  experiment  were  not  selected  with  sufficient  care  to 
allow  of  a  conclusive  answer  to  the  query.  Thus,  for  a  long  time 
the  question  was  debated  whether  or  not  the  quantity  of  protein  in¬ 
take  influenced  the  character  of  the  nitrogenous  metabolism.  The 
experiments  planned  for  the  solution  of  this  problem  consisted  in 
the  following.  Observations  were  made  on  the  nitrogen  output  of 
patients  placed  on  high  and  low  protein  intake.  The  first  period 

*  Received  for  publication  August  i,  1909. 
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was  one  with  low  nitrogen  intake ;  this  was  immediately  followed  by 
one  containing  a  higher  nitrogen  intake,  which  was  again  suc¬ 
ceeded  by  one  with  a  low  content  of  nitrogen.  The  conclusions 
reached  by  several  authors  (P.  Muller,  Rzetkowski,  Beetles  and 
French)  were  that  a  retention  always  followed  a  high  nitrogen 
intake,  the  decrease  in  the  intake  was  followed  by  either  a  loss  in 
the  output,  or  by  an  approximate  equilibrium.  On  the  basis  of  these 
experiments  a  diet  of  low  protein  content  was  recommended  for 
patients  suffering  from  chronic  disease  of  the  kidneys.  True  as 
the  conclusion  might  have  been,  it  did  not  necessarily  follow  from 
the  recorded  experiments,  for  the  reason  that  a  nitrogen  retention 
following  an  increase  in  protein  intake  is  a  physiological  phe¬ 
nomenon,  and  does  not  necessarily  indicate  impaired  secretory  func¬ 
tion  of  the  kidney. 

More  promising  of  results  was  a  plan  of  experimentation  recom¬ 
mended  by  Falta.^  The  patient,  according  to  that  plan,  was  placed 
in  a  condition  of  nitrogenous  equilibrium  on  a  standard  diet.  To 
this  diet  on  the  day  of  experiment  at  one  time  an  additional  quan¬ 
tity  of  protein  was  administered  and  the  rate  of  elimination  of  the 
additional  nitrogen  was  observed.  On  normal  individuals,  this 
method  lead  to  very  important  conclusions ;  applied  to  a  patient  with 
chronic  disease  of  the  kidneys,  it  remained  in  the  hands  of  Falta 
without  definite  results. 

To  us,  it  seemed  probable  that  the  failures  of  Falta  and  of  other 
observers  were  due  principally  to  the  fact  that  in  selecting  the 
standard  diet,  not  sufficient  attention  was  given  to  one  of  the  most 
important  factors,  namely,  to  the  eliminating  capacity  of  the  kidneys 
for  nitrogenous  substances.  A  priori,  this  capacity  should  vary 
from  one  patient  to  another,  and  for  the  same  patient  with  the 
condition  of  his  kidneys.  Thus,  in  a  study  of  the  character  of 
protein  catabolism  in  course  of  nephritis,  the  diet  of  the  patient 
should  be  adjusted  in  such  a  manner  that  its  nitrogen  content  does 
not  exceed  the  eliminating  efficiency  of  the  kidneys  for  nitrogenous 
substances.  The  first  step  in  an  investigation  based  on  that  prin¬ 
ciple  naturally  consists  in  establishing  the  eliminating  efficiency  of 
the  kidneys.  This  is  easily  determined  by  placing  the  patient  on  a 

*  Deutsches  Arch.  f.  klin.  Med.,  1904,  Ixxxi,  231;  1906,  Ixxxvi,  517. 
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low  protein  diet  and  by  adding  to  it  varying  quantities  of  urea. 
The  highest  daily  nitrogen  output  under  these  conditions  indicates 
the  eliminating  efficiency  of  the  kidneys. 

The  choice  of  the  urea  in  preference  to  any  other  nitrogenous 
substance  is  based  on  the  consideration  that  normally  exogenous 
protein  is  converted  nearly  completely  into  urea,  and  normally  a  rise 
in  nitrogen  output  following  an  increased  protein  intake  is  occa¬ 
sioned  almost  exclusively  by  the  increase  in  the  urea  content  of  the 
urine.  After  the  efficiency  of  the  kidney  is  established,  the  patient 
should  be  placed  in  a  state  of  nitrogenous  equilibrium,  on  a  diet  with 
a  nitrogen  content  somewhat  below  the  value  of  the  eliminating 
efficiency  of  his  kidneys.  The  low  protein  intake  may  be  main¬ 
tained  with  impunity  for  a  considerable  length  of  time,  as  was 
well  demonstrated  by  many  investigations  of  recent  years,  and  par¬ 
ticularly  by  Chittenden^  and  his  co-workers  and  by  Folin.® 

But  even  on  a  low  protein  diet,  it  is  of  importance  to  avoid  over¬ 
taxing  the  kidneys  at  any  one  period  of  the  day.  This  is  best  at¬ 
tainable  by  dividing  the  meals  in  such  a  manner  that  every  intake 
has  the  same  nitrogen  value,  and  that  the  meals  are  distributed 
between  equal  intervals.  Of  course,  it  is  important  to  observe  that 
the  daily  food  contains  a  total  of  calories  equivalent  to  about  forty 
calories  per  kilo  weight  of  the  patient. 

The  present  work  represents  the  results  of  experiments  on  a 
patient  with  chronic  interstitial  nephritis,  performed  according  to 
the  plan  just  outlined.  The  observations  were  continued  over  a 
period  of  four  months. 

The  conditions  of  the  experiment  were  the  following.  In  order 
not  to  overtax  the  function  of  the  kidneys,  and  in  order  to  maintain 
them  on  an  approximately  equal  plane  of  activity  during  all  hours 
of  the  day,  the  patient  was  placed  on  a  diet  containing  about  6  grams 
of  nitrogen,  the  daily  ration  being  divided  into  five  portions,  each 
one  containing  an  equal  amount  of  nitrogen.  The  food  was  given 
every  three  hours,  beginning  at  6  A.  M.  and  ending  at  6  P.  M. ;  the 
urine  was  collected  before  each  meal.  On  this  regime  the  output 
of  nitrogen  by  the  urine  was  practically  uniform  during  the  entire 

‘  Physiological  Economy  in  Nutrition,  New  York,  1904. 
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day.  This  was  regarded  as  the  standard  output  and  served  for 
comparison  with  the  output  on  the  days  when  the  patient  received, 
besides  the  diet,  some  one  additional  substance.  The  substances 
employed  were  urea  (this  was  given  to  test  the  capacity  of  elimina¬ 
tion),  glycocol,  1-alanin,  d-l-alanin,  asparagin  and  eggs.  The  ad¬ 
ditional  food  stuff  or  chemical  was  added  to  the  first  early  morning 
meal  and  the  nitrogen  output  was  followed  during  that  day  in  three 
hour  intervals,  and  the  following  days  in  twenty-four-hour  periods 
until  the  output  fell  to  its  normal  level,  when  a  subsequent  experi¬ 
ment  was  made.  The  intake  of  liquids  was  uniform  from  day  to 
day. 

History  of  the  Patient. — ^John  Baptist,  M.,  age  59;  occupation,  clerk;  nativity, 
Germany;  married,  no  children;  family  history  negative  as  regards  tuberculosis, 
rheumatism  or  lues.  Patient  had  rheumatism  25  years  ago,  urethritis  years  ago. 
Smoked  and  used  alcohol  (beer  and  wine)  excessively.  Served  in  German  Army 
three  years,  taking  part  in  the  Franco-Prussian  War.  Patient  attributes  his 
illness  to  exposure  at  that  time. 

Patient  had  first  attack  of  acute  rheumatism  25  years  ago.  All  joints  of  the 
body  were  involved.  He  had  fever  and  sweats  and  was  sick  for  about  five 
months.  Almost  every  winter  since,  he  gets  an  attack.  In  1886,  he  was  in 
Mount  Sinai  and  German  Hospitals.  The  joints  swell,  and  were  very  painful. 
Attacks,  as  a  rule,  lasted  from  four  to  five  months.  Was  not  short  of  breath. 
Bowels  always  regular.  Appetite  fair.  Present  complaints:  stiffness  and  weak¬ 
ness  of  arms  and  legs.  Since  1904  he  has  had  melsema,  passing  blood  daily 
for  weeks;  at  such  times  he  grew  very  weak  and  suffered  from  dizziness.  He 
had  a  second  attack  a  year  later,  and  a  year  after,  a  third. 

Patient  is  of  average  height,  weighs  160  pounds,  is  well  nourished.  Muscula¬ 
ture  good;  panniculus  abundant.  Can  walk  without  assistance.  Scars  on  dorsum 
of  left  wrist  and  on  right  leg,  remains  of  an  old  burn.  Pupils  equal,  react 
to  all  reflexes.  Arcus  senilis.  Chest  of  good  type.  Breathing  normal,  respira¬ 
tion  18  p.  m.  Heart,  no  abnormal  sounds  are  heard.  Pulse  is  Corrigan  in 
quality,  marked  locomotion  of  pulse  seen  in  both  arms ;  80  p.m.,  regular.  Marked 
arterial  sclerosis  of  vessels.  Abdomen  is  normal ;  liver  felt  at  free  border  of  ribs, 
spleen  not  made  out.  Genitalia  and  rectum  are  normal.  Gross  motor  power  is 
good  in  upper  extremities,  also  fair  in  lower.  Reflexes  are  normal.  The  knee 
joints  are  enlarged,  especially  the  right,  and  there  appears  slight  swelling  to 
inner  side.  Dilated  veins  on  legs;  other  joints  are  normal.  Some  limitation  of 
flexion  in  knee  joints.  Extension  to  full  limit  in  knee  joints  painful,  especially 
on  right  leg. 

Special  Status  February  5,  igo8. — Marked  facial  erythema.  Pressure  over 
this  area  does  not  cause  complete  blanching,  and  the  redness  immediately  returns 
on  removal  of  pressure.  The  ears  show  irregular  areas  of  redness  and  white, 
and  in  several  places  are  seen  the  small,  white  patches — the  result  of  previous 
tophi.  The  erythema  is  found  all  around  the  neck  and  the  anterior  part  of  the 
chest,  as  well  as  in  small  macular  patches  over  the  shoulders  and  back. 
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Heart,  outline  normal.  At  the  base,  the  aortic  sounds  are  blowing  in  character, 
and  the  second  sound  is  moderately  accentuated.  The  arterial  walls  are  markedly 
sclerosed,  the  pulse  is  of  high  tension. 

The  upper  extremities  show  areas  of  mottling  or  intervals  of  white.  The 
hands  are  cold  and  cyanotic.  The  lower  extremities  are  somewhat  livid.  The 
reflexes  are  all  exaggerated. 


Special  Observation. 
Measurements  of  Blood  Pressure. 


Oct.  28,  1908 

Systolic  pressure  . 

. Right  195 

Left  19s 

Diastolic  pressure . 

. ■)  Right  no 

Left  105 

Oct.  30,  1908 

Systolic  pressure  . 

.  Right  igo 

Left  188 

Diastolic  pressure . 

Left  100 

10.15  A.  M. 

Systolic  pressure  . 

.  Right  216 

Left  206 

Diastolic  pressure . 

.  Right  1 15 

Left  104 

Nov.  2, 

1908 

Systolic  pressure  . 

.  Right  215 

Left  205 

Diastolic  pressure . 

. Right  105 

Left  92 

12.00  M. 

Nov.  4, 

1908 

Systolic  pressure  . 

. Right  220 

Left  215 

Diastolic  pressure . 

Left  los 

Systolic  pressure  . 

Left  202 

Diastolic  pressure . 

. Right  104 

Left  102 

Nov.  6, 

1908 

Systolic  pressure  . 

. Right  215 

Left  202 

Diastolic  pressure . 

.  Right  105 

Left  100 

10.00  A.  M. 

Circumference  in  front  of  ankle  =  10"  on  each  side. 

Nov.  7, 

1908 

Systolic  pressure  . 

Left  205 

Diastolic  pressure . 

Left  lOS 

9.30  A.  M. 

Systolic  pressure  . 

.  Right  208 

Left  214 

Diastolic  pressure . 

. Right  1 05 

Left  no 

12.00  M. 

Systolic  pressure  . 

.  Right  220 

Left  210 

Diastolic  pressure . 

Left  no 

2.00  R.  M. 

Systolic  pressure  . 

Left  210 

Diastolic  pressure . . 

.  Right  1 12 

Left  140 

4.30  P.  M. 

Systolic  pressure  . 

.  Right  218 

Left  208 

Diastolic  pressure . 

. Right  no 

Left  105 

7.00  P.  M. 

Systolic  pressure  . 

.  Right  215 

Left  210 

Diastolic  pressure . 

.  Right  ns 

Left  no 

9.50  P.  M. 

Nov.  10, 

1908 

Systolic  pressure  . 

. Right  212 

Left  205 

Diastolic  pressure . 

Left  140 

10.00  A.  M. 

Systolic  pressure  . 

.  Right  210 

Left  205 

Diastolic  pressure . 

Left  no 

2.00  P.  M. 

Systolic  pressure  . 

. Right  207 

Left  215 

Diastolic  pressure . 

. Right  1 12 

Left  IIS 

4.00  P.  M. 

Systolic  pressure  . 

.  Right  210 

Left  19s 

Diastolic  pressure . 

Left  no 

7.35  P.  M. 

Nov.  II, 

,  1908 

Systolic  pressure  . 

. Right  202 

Left  200 

Diastolic  pressure . 

. Right  105 

"Left  100 

10.00  A.  M. 

Systolic  pressure  . 

Left  198 
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Diastolic  pressure . 

. Right  los 

Left  105 

2.00  P.  M. 

Systolic  pressure  . 

Left  212 

Diastolic  pressure . 

Left  116 

8.00  P.  M. 

Nov.  14,  1908 

Systolic  pressure  . 

Left  160 

Diastolic  pressure  . 

- .•.  Right  los 

Left  105 

10.00  A.  M. 

Systolic  pressure  . 

.  Right  198 

Left  204 

Diastolic  pressure . 

. Right  108 

Left  105 

2.30  P.  M. 

Systolic  pressure  . 

. Right  146 

Left  134 

Diastolic  pressure . 

.  Right  108 

Left  106 

8.00  P.  M. 

Systolic  pressure  . 

.  Right  225 

Left  225 

Diastolic  pressure . 

.  Right  120 

Left  125 

2.1S  P.  M. 

Nov.  21,  1908 

Systolic  pressure  . 

.  Right  225 

Left  220 

Diastolic  pressure . 

. Right  1 15 

Left  118 

n.oo  A.  M, 

Systolic  pressure  . 

Left  198 

Diastolic  pressure . 

.  Right  120 

Left  120 

6  00  P.  M. 

Systolic  pressure  . 

. Right  l6s 

Left  170 

Diastolic  pressure . 

. Right  110 

Left  115 

9.00  P.  M. 

Nov.  24,  1908 

Systolic  pressure  . 

. Right  218 

Left  214 

Diastolic  pressure . 

.  Right  no 

Left  112 

1 1.30  A.  M. 

Systolic  pressure  . 

. Right  218 

Left  210 

Diastolic  pressure . 

.  Right  ns 

Left  120 

4.30  P.  M. 

Systolic  pressure  . 

. Right  192 

Left  185 

Diastolic  pressure . 

Left  115 

9-35  P-  M. 

Blood  Examinations. 

May  10,  1908. — H.b.,  10  per  cent;  H.b.  index,  0.3;  R.B.C.,  1.512.000;  W.B.C., 
6.600.  Differential  W.B.C.  count — B.,  o;  N.,  75;  E.,  2;  S.L.,  8;  L.L.,  8;  L.M.,  3; 
Tr.,  4.  Nuclear  count — i,  70;  2,  23;  3,  7. 

May  15,  1908. — H.b.,  21  per  cent;  H.b.  index,  0.65;  R.B.C.,  1.920.000;  W.B.C. 
8.400.  Differential  W.B.C.  count — B.,  i ;  N.,  72 ;  E.,  i ;  S.L.,  10 ;  L.L.,  3 ;  L.M., 
I ;  Tr.,  12.  Nuclear  count — i,  71 ;  2,  28;  3,  i. 

May  17,  1908. — H.b.,  25  per  cent.;  H.b.  index,  0.62;  R.B.C.,  2.088.000;  W.B.C., 
12.000.  Differential  W.B.C.  count — B.,  0;  N.,  68;  E.,  i;  S.L.,  9;  L.L.,  8;  L.M., 
4;  Tr.,  10.  Nuclear  count — i,  61 ;  2,  31 ;  3,  6;  4,  2. 

May  20,  1908. — H.b.,  21  per  cent;  H.b.  index,  0.50;  R.B.C.,  2.224.000;  W.B.C., 
8.400.  Differential  W.  B.  C.  count — B.,  o;  N.,  77;  E.,  4;  S.L.,  15;  L.L.,  2;  L.M., 
0;  Tr.,  2.  Nuclear  count — i,  67;  2,  33.  Abnormalities  in  R.B.C. — 3  nucleated 
red.  Moderate  polychromatophilia  and  poikilocytosis. 

June  6,  1908. — H.b.,  23  per  cent.;  H.b.  index,  o;  R.B.C.,  2.920.000;  W.B.C. 
7.300.  Differential  W.B.C.  count — B.,  o;  N.,  69;  E.,  5;  S.L.,  8;  L.L.,  9;  L.M., 
2;  Tr.,  7.  Nuclear  count — i,  60;  2,  33;  3,  4;  4,  3. 

June  22,  1908. — H.b.,  30  per  cent.;  H.b.  index,  0.5;  R.B.C.,  3.100.000;  W.B.C., 
6.200.  Differential  W.B.C.  count — B.,  i ;  N.,  68;  E.,  4;  S.L.,  8;  L.L.,  6;  L.M.,  4; 
Tr.,  9.  Nuclear  count — i,  49;  2,  50;  3,  i.  Abnormalities  in  R.B.C.  Poikilo¬ 
cytosis. 

July  17,  1908. — H.b.,  50  per  cent;  H.b.  index,  i;  R.B.C.,  3.232.00;  W.B.C., 
7.200  Differential  W.B.C.  count. — B.,  i;  N.,  69;  E.,  2;  S.L.,  8;  L.L.,  7;  L.M.,  3; 
Tr.,  10.  Nuclear  count — i,  37;  2,  49;  3,  ii;  4,  3. 

. . 
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February  2, 1909. — H.b.,  100  per  cent. ;  H.b.  index,  o ;  R.B.C.,  4.408.000 ;  W.B.C. 
9.200.  Differential  W.B.C.  count — B.,  o;  N.,  74;  E.,  i;  S.L.,  7;  L.L.,  10;  L.M., 
2;  Tr.,  6. 

Urine. — Light  colored,  clear,  normal  odor. 

Diagnosis. — Arthritis  urica  and  Nephritis  chronica  interstitialis. 

Diet. — The  diet  was  composed  of  eggs,  milk,  cream,  butter,  bread,  potatoes, 
farina,  oatmeal,  rice,  cocoa,  postum  coffee,  applebutter,  peach  butter  and  fruit. 
The  nitrogen  content  and  the  calorific  value  of  the  daily  intake  are  recorded  in 
Table  I. 

The  meals  are  given  at  6  A.M.,  9  A.M.,  12  M.,  3  P.M.  and  6  P.M.  The 
nitrogen  content  of  each  meal  was  uniform  until  January  7.  However,  it  was  ob¬ 
served  that  under  such  conditions  the  nitrogen  output  of  the  first  three  hour 
period  was  slightly  lower  than  the  average  daily  output,  while  that  of  the  fourth 
was  somewhat  above  it.  The  nitrogen  content  of  the  individual  meals  was  there¬ 
fore  arranged  so  that  the  proportion  of  first  meal  to  the  following  was  as  1.5: 
i.o  and  that  of  the  fourth  to  the  following  as  0.5  to  i.  Thus,  for  instance: 

5.30  A.  M.  8.30  A.  M.  11  30  A.  M.  2.30  P.  M.  5.30  P.  M. 

Nitrogen  gms.  1.95  1.30  1.30  0.65  1.40 

METHODS  OF  ANALYSIS. 

The  urine  was  collected  in  three-hour  samples  from  6  A.  M.  to 
9  P.  M.,  and  one  sample  for  the  night.  All  urines  were  preserved 
by  means  of  toluol.  Total  nitrogen  was  determined  by  the  usual 
Kjeldahl-Gunning  method;  ammonia,  by  the  method  of  Folin- 
Shafer;  urea,  by  the  method  of  Benedict  and  Gephart.®  This 
method  consists  in  the  following:  five  cubic  centimeters  of  the 
urine  and  an  equal  volume  of  ten  per  cent,  solution  of  hydrochloric 
acid  are  heated  in  an  autoclave  at  175°  C.  and  the  solution  then 
rendered  slightly  alkaline  by  means  of  a  ten  per  cent,  solution  of 
caustic  soda.  Uric  acid  estimations  were  made  by  the  Leube- 
Salkowsky  method;  creatine  and  creatinine,  by  the  method  of 
Folin ;  mineral  analysis,  by  the  usual  methods. 

ANALYSIS  OF  RESULTS. 

Urea  Experiments. — Urea  was  given  to  the  patient  principally 
as  a  control  to  the  experiments  with  other  substances,  for  the  rate 
of  its  elimination  is  regulated  only  by  the  rate  of  absorption  and  by 
the  eliminating  capacity  of  the  kidney.  In  fact,  the  rate  of  elimina¬ 
tion  of  this  substance  may  be  regarded  as  a  measure  of  the  elimi- 

*  Jour,  of  the  American  Chem.  Soc.,  1908,  xxx,  1760. 
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nating  capacity  of  the  organ.  Six  experiments  were  performed 
with  this  substance.  In  an  early  period  of  the  experiment,  urea 
was  twice  given  in  quantities  of  three  grams  (1.41  gram  of  nitro¬ 
gen),  and  twice  6.0  grams  (2.82  grams  of  nitrogen).  It  was  noted 
that  when  the  smaller  dose  was  given  it  was  removed  completely 
in  48  hours.  The  days  of  the  administration  of  a  higher  dose  was 
noted  by  a  marked  increase  in  the  nitrogen  output,  but  the  exces¬ 
sive  nitrogen  was  not  removed  completely  by  the  urine,  and  the 
output  had  that  irregular  character  noted  by  so  many  observers. 

The  results  of  these  experiments  are  briefly  summarized  in  the 
following  tables: 


November  4 


T.  N. 

Urea.  N. 

Intake  Urea  3  g . 

..  5.96 

4-44 

On  standard  diet  for  that  period . . 

..  5.20 

3-90 

0.76 

0-54 

November  5. 

T.  N. 

Urea  N. 

Intake  Urea  3  g . 

. .  6.21 

4.62 

On  standard  diet  for  that  period  . 

...5.20 

390 

1. 01 

0.72 

In  this  experiment  the  elimination  slightly  exceeded  the  intake  of  urea,  per- 

haps  owing  to  some  diuresis. 

November  7. 

T.  N. 

Urea  N. 

Intake  Urea  3  g . 

•  •  5-95 

4-79 

On  standard  diet  for  that  period . 

..  S-20 

3-90 

0-75 

0.89 

December  g. 

T.  N. 

Urea  N. 

Intake  6  g.  Urea . 

.  .  6.16 

4.67 

On  standard  diet  for  that  period  . 

..  4.96 

3-56 

1.20 

I. II 

The  following-  days,  no  increase  above  the  standard. 

elimination  somewhat 

irregular. 

Experiment  of  December  16  had  the  same  course  as  that  of  December  9. 

January  22. 

January  23.  January  24. 

T.  N.  Urea  N. 

T.  N. 

Urea  N.  T.  N.  Urea  N. 

Intake  Urea  3  g.  (141  g.  N.) . 6.15  4.80 

5.24 

3-95  5-66 

4.14 

On  standard  diet  for  that  period _  5.28  3.90 

5-28 

3-90  5-28 

3-90 

0.87  0.90 

—0.04 

o.os  0.38 

0.24 

P.  A.  Levene,  L.  Kristeller  and  D.  Manson. 
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Thus,  on  the  basis  of  these  experiments,  one  may  regard  a  diet 
containing  more  than  8  grams  of  nitrogen  as  one  which  is  apt 
to  overtax  the  eliminating  capacity  of  the  kidney  of  our  patient.  A 
review  of  the  experiments  with  other  substances  shows  that  the 
patient’s  nitrogen  output  rarely  exceeded  6.50  grams  per  day,  even 
when  the  diet  contained  nearly  9.0  grams  of  nitrogen. 

Glycin  Experiments. — Several  experiments  were  performed  with 
this  substance.  Also  here  the  administration  of  a  large  quantity  of 
the  substance  was  followed  by  a  retention  and  an  irregular  elimina¬ 
tion  of  the  excessive  nitrogen  intake,  while  after  administration  of 
moderate  quantities  of  the  substance,  the  excessive  nitrogen  was 
removed  from  the  organism  in  forty-eight  hours.  Thus : 

Decembers.  December  4.  Decembers-  December  b. 

Urea  Urea  Urea  Urea 

T.  N.  N.  T.  N.  N.  T.  N.  N.  T.  N.  N. 

Intake  20  g.  Glycin  (3.7  g.  N.)...  5.82  4.07  5.56  4.13  5.89  4.19  5.14  3.90 

On  standard  diet  for  that  period  . .  4.96  3.56  4.96  3.56  4.96  3.56  4.96  3.56 

0.76  0.51  0.60  0-57  0.93  0.63  0.18  0.34 

In  these  four  days,  the  patient  removed  2.53  grams  of  which  2.05 
grams  were  in  form  of  urea,  thus  only  about  70  per  cent,  of  the 
nitrogen  intake  was  removed  by  the  urine. 

In  the  second  experiment,  only  1.25  grams  of  nitrogen  in  form 
of  glycin  were  given  to  the  patient. 


January  ii. 

January  t2. 

T.  N. 

Urea  N. 

T.  N. 

UreaN 

Intake  7  g.  of  Glycin . 

.  5.67 

4.27 

6.23 

4.66 

On  standard  diet  for  that  period . 

.  5-28 

3-91 

S.28  . 

3.91 

0.39 

0.36 

0.95 

0.75 

Thus  in  the  second  experiment  all  the  excessive  nitrogen  was  re¬ 
moved  by  the  urine  in  forty-eight  hours. 

There  is  a  lack. of  information  regarding  the  rate  of  elimination 
of  the  nitrogen  after  administration  of  glycin  to  normal  man.  Dogs 
generally  remove  in  twenty-four  hours  all  the  nitrogen  added  in 
form  of  glycin  to  a  standard  diet.'^  The  highest  elimination  occurs 
between  the  sixth  and  ninth  hour  after  administration.  In  our 
patient,  no  special  regularity  of  the  nitrogen  elimination  during  the 
'Levene  and  Kober,  American  Jour,  of  Physiol.,  1909,  xxiii,  324. 
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different  periods  of  the  day  could  be  noted,  even  when  only  a 
moderate  quantity  of  glycin  was  given. 

The  Form  in  which  the  Excessive  Nitrogen  is  Removed  from  the 
Body. — There  is  not  sufficient  information  as  to  the  form  in  which 
the  excessive  nitrogen  is  removed  by  man  after  addition  of  glycin 
to  a  standard  diet.  In  a  dog  all  the  nitrogen  ingested  in  form  of 
glycin  is  removed  in  form  of  urea.  In  our  experiments  only  8o 
per  cent,  of  excreted  nitrogen  had  appeared  in  form  of  urea. 

Alanin  experiments. — Two  experiments  were  performed  with  that 
substance,  d-l-alanin  was  given  in  one  instance,  1-alanin  in  the 
other.  The  results  of  the  first  experiments  only  were  followed 
for  more  than  one  day. 

After  the  first  administration  there  was  noted  a  retention  and  a 
rather  irregular  nitrogen  output.  In  two  days  only  about  40  per 
cent,  of  the  excessive  intake  was  removed  from  the  organism. 
The  rise  was  most  marked  between  the  ninth  and  twelfth  hours 
of  the  first  day.  However,  the  intake  was  high,  and  no  experiment 
was  performed  with  a  lower  intake  of  alanin. 

There  is  insufficient  information  regarding  the  rate  of  elimina¬ 
tion  of  the  excessive  nitrogen  after  feeding  the  substance  to  a 
normal  man.  A  dog  removes  all  the  nitrogen  taken  in  the  form 
of  alanin  in  the  course  of  twenty-four  hours. 

Asparagin  Experiments. — Two  experiments  were  performed  with 
this  substance.  In  one  experiment  a  large  quantity  of  asparagin 
containing  3.2  grams  of  nitrogen  was  given,  in  the  other,  a  mod¬ 
erate  quantity  equivalent  to  1.5  grams  of  nitrogen.  The  elimination 
of  excessive  nitrogen  following  the  administration  of  this  substance 
was  as  good  as  that  following  urea.  Also  here  the  rate  of  elimina¬ 
tion  was  the  highest  after  the  administration  of  a  moderate  quan¬ 
tity  of  asparagin.  Thus: 


January  ly. 

January  iS. 

January  tg. 

T.  N. 

Urea  N. 

T.N. 

Urea  N. 

T.N. 

UreaN 

Intake  15  g.  of  asparagin  (3.2  g.  of  N.). 

.  6.81 

S-3I 

6.30 

4-77 

6.03 

4.48 

On  standard  diet  for  that  period . 

.  S.28 

3-91 

5.28 

3.91 

5.28 

3.91 

1-53 

1.40 

1.02 

0.86 

0.75 

0.57 

January  zg. 

January  JO. 

January  Ji. 

T.N. 

Urea  N. 

T.N. 

Urea  N. 

T  N. 

UreaN 

Intake  7  g.  of  asparagin  (1.5  g.  of  N.). 

.  6.38 

4.67 

5.58 

4.06 

S.60 

4.17 

On  standard  diet  for  that  period . 

.  5-28 

3-91 

5.28 

3.81 

5.28 

3.91 

1. 10 

0.76 

0.30 

0.25 

0.32 

0.26 
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The  highest  increase  in  the  output  was  noted  in  the  first  experi¬ 
ment  between  the  ninth  and  the  twelfth  hour,  and  between  the  sixth 
and  the  ninth  hour  in  the  second  experiment.  During  the  first 
twenty-four  hours  after  the  administration  of  the  high  dose  of 
asparagin,  the  patient  removed  50  per  cent,  of  the  excessive  nitro¬ 
gen  intake;  during  the  same  period  after  administration  of  the 
small  dose,  the  patient  removed  70  per  cent,  of  the  nitrogen  intake. 
Even  after  administration  of  urea,  a  large  quantity  of  not  more 
than  50  per  cent,  of  the  excessive  nitrogen  intake  was  removed  in 
the  first  twenty-four  hours.  In  the  experiment  with  asparagin  86 
per  cent,  of  the  excessive  nitrogen  was  removed  in  the  form  of 
urea.  Again,  on  this  point  there  is  lack  of  information  regarding 
the  behavior  of  the  substance  in  normal  man,  while  a  normal  dog 
removes  all  excessive  nitrogen  in  form  of  urea. 

Egg  Experiments. — Four  experiments  were  performed  with  this 
diet.  The  results  briefly  are  as  follows: 

February  2.  February 3.  February  4, 


T.  N.  Urea  N. 

T.  N. 

UreaN.  T.  N.  Urea  N. 

Intake  1.5  g.  N . 

.  .  5.63  4.08 

545 

3.98  546  4-11 

On  standard  diet  for  that  period 

.  .  5.28  3.90 

5.28 

3.90  5.28  3.90 

0.3s  0.18 

0.17 

0.08  0.18  0.21 

February  J.  February  b. 

February  7.  February  8. 

Urea 

Urea 

Urea  Urea 

T.  N.  N.  T.  N. 

N. 

T.  N.  N.  T.  N.  N. 

Intake  2  g.  N . 

.  5-68  4.26  S.97 

445 

S.54  4-31  5-88  4-44 

On  standard  diet  for  that  period  . 

.  5.28  3.90  5.28 

3-90 

5-38  3-90  5  28  3.90 

0.40  0.36  0.69 

0.5s 

0.16  0.41  0.60  0.S4 

February  <), 

February  10.  February  ii. 

T.  N.  Urea  N. 

T.  N. 

UreaN.  T.  N.  UreaN. 

Intake  1.5  g.  N . 

. .  6.02  4.54 

6.00 

449  S.92  4-34 

On  standard  diet  for  that  period 

. .  5.28  3.90 

5.28 

3.90  5.28  3.90 

0.74  0.64 

0.72 

0.59  0.64  0.44 

February  12. 

February  13. 

T.  N. 

Urea  N. 

T.  N.  Urea  N. 

Intake  1.5  g.  N . 

4-50 

573  4-24 

On  standard  diet  for  that  period - 5.28 

390 

5.28  3.90 

0.84 

0.60 

045  0.34 

Thus,  in  the  first  experiment  the  patient  removed  45  per  cent,  of 
the  excessive  nitrogen  intake ;  in  the  second,  he  removed  nearly  100 
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per  cent,  of  the  intake  in  course  of  four  days;  in  the  third,  about  140 
per  cent,  in  course  of  three  days;  and  in  the  fourth,  100  per  cent, 
in  the  course  of  two  days. 

Comparing  the  rate  of  elimination  of  the  first  period  with  that 
in  normal  man  as  studied  by  Falta,  one  finds  the  elimination  lowered 
to  half  the  normal  rate.  This  low  elimination  can  scarcely  be  in¬ 
terpreted  by  the  deficient  eliminating  capacity  of  the  kidneys,  since 
the  rise  in  the  nitrogen  output  by  the  patient,  after  administra¬ 
tion  of  urea  and  of  aminoacids,  was  much  higher  than  in  the  ex¬ 
periments  with  eggs.  One  would,  therefore,  be  justified  to  conclude 
that  in  the  first  period  of  excessive  protein  feeding  there  was  a 
retarded  conversion  of  protein  into  aminoacids  and  into  urea. 

Of  the  excessive  nitrogen  during  the  first  period,  70  per  cent, 
was  removed  in  form  of  urea;  during  the  second,  83  per  cent.  In 
normal  man,  calculating  from  the  tables  of  Folin®  in  his  work  on 
the  influence  of  the  nitrogen  intake  on  the  composition  of  the  urine, 
one  finds  that  there  was  removed  from  88  to  100  per  cent,  of  the  ex¬ 
cessive  nitrogen  in  form  of , urea.  In  normal  dogs,®  the  nitrogen  re¬ 
moved  in  excess  over  that  on  a  standard  diet  is  always  removed  in 
the  form  of  urea  exclusively.  Thus,  the  course  of  nitrogen  metabol¬ 
ism  in  our  patient  was  not  completely  normal,  even  when  he  was 
placed  under  conditions  which  prevented  a  retention  of  the  end  pro¬ 
ducts  of  nitrogenous  metabolism.  The  abnormality  was  expressed 
in  a  low  rate  of  elimination  of  total  nitrogen  by  the  urine  after  ad¬ 
ministration  of  protein,  and  in  a  lower  proportion  of  urea  to  total 
nitrogen  of  the  urine,  as  compared  with  the  same  in  normal  man. 
On  the  basis  of  this,  it  seems  probable  that  in  chronic  nephritis  not 
only  the  eliminating  capacity  of  the  kidneys  is  lowered,  but  that 
also  the  process  of  protein  catabolism  is  retarded  and  is  incomplete. 
The  low  figures  of  the  creatine  output  may  be  regarded  as  indicating 
the  same  condition. 

CONCLUSION. 

I.  For  the  study  of  the  character  of  nitrogen  metabolism  in 
nephritis  the  nitrogen  intake  of  the  patient  needs  to  be  regulated  in 
such  a  manner  that  it  should  not  exceed  the  nitrogen  value  which 
the  diseased  kidneys  are  capable  of  eliminating. 

‘American  Jour,  of  Physiol.,  1905,  xiii,  66. 

*Levene  and  Kober,  American  Jour,  of  Physiol.,  1909,  xxiii,  324. 
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2.  The  eliminating  capacity  of  the  kidneys  can  be  established  in 
the  following  manner:  the  patient  is  placed  on  a  diet  containing  a 
low  proportion  of  protein  (equivalent  to  about  5  grams  of  nitro¬ 
gen)  and  a  sufficient  supply  of  calories.  To  this  diet  from  day  to 
day  varying  quantities  of  urea  are  added  and  the  nitrogen  output 
for  every  twenty-four  hours  is  estimated.  The  highest  nitrogen 
output  under  this  condition  is  regarded  as  the  maximum  of  the 
eliminating  capacity  of  the  kidneys  for  nitrogenous  substances. 

3.  In  the  observations  recorded  in  tl^is  communication  the  nitro¬ 
gen  output  of  the  patient  on  the  standard  diet  remained  at  5.5  grams 
per  day.  The  addition  to  the  diet  of  1.5  to  3  grams  of  nitrogen 
in  form  of  urea  caused  a  rise  in  the  intake  not  exceeding  6.25 
grams.  On  the  basis  of  this,  the  diet  was  regulated  so  as  not  to 
exceed  a  nitrogen  intake  of  7  grams. 

4.  Comparing  the  rate  of  elimination  of  nitrogen  after  the 
administration  of  glycin,  alanin,  and  asparagin  with  that  after  the 
administration  of  urea,  there  was  noted  a  slower  rate  after  the 
administration  of  the  first  two  acids,  and  an  equal  rate  after  the 
administration  of  asparagin  (probably  owing  to  the  presence  of  an 
acid  amid  group  in  the  molecule). 

5.  After  the  administration  of  excessive  protein  in  addition  to  the 
standard  diet,  there  was  noted  a  much  lower  rate  of  nitrogen  elimi¬ 
nation  than  was  to  be  expected  in  a  normal  man,  on  the  basis  of 
the  work  of  Falta. 

6.  Of  the  total  nitrogen  removed  in  excess  over  that  on  the  stand¬ 
ard  diet  in  our  patient,  80  per  cent,  was  in  the  form  of  urea,  while  in 
normal  man,  as  calculated  from  the  tables  of  Folin,  one  finds  the 
proportion  of  urea  to  vary  between  90  and  100  per  cent.,  while 
in  a  normal  dog  the  proportion  is  always  100  per  cent. 

7.  On  the  basis  of  these  observations  it  was  concluded  that  in 
our  patient  the  rate  of  conversion  of  protein  into  simple  nitrogen¬ 
ous  substances  and  into  urea  is  below  the  normal. 

8.  The  patient  remained  for  four  months  in  a  condition  of  nitrog¬ 
enous  equilibrium,  and  otherwise  in  good  health,  on  a  diet  contain¬ 
ing  about  6.5  grams  of  nitrogen  and  3,000  calories,  which  were 
reduced  to  2,500  calories  to  prevent  constant  gain  in  weight. 
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9.  From  this  it  seems  suggestive  that  also  for  dietetic-therapeutic 
purposes  it  may  be  of  importance  to  establish  the  eliminating  effi¬ 
ciency  of  the  kidneys  for  nitrogenous  substances. 

The  clinical  part  of  the  work  was  done  by  the  Medical  Director, 
Dr.  S.  Wachsmann,  the  physical  measurements  by  Dr.  D.  Felber- 
baum,  and  the  clinical  microscopy  by  Dr.  D.  M.  Kaplan.  We  wish 
the  express  our  indebtedness  for  their  kind  cooperation. 


'  7-  i  Jan-  8.  Jan.  9.  j  Jan.  10.  Jan.  11.  '  Jan.  12.  Jan.  13.  I  Jan. 


Special  intake. 


Asparagin.l 


Calories  . 
Nitrogen  , 
Fluid  .  . 


79.01  ;  78.69  78.69  j  78.92  78.69  78.92  78.42  j  78.81  78.47  78.81  79.15 

2257  2236  2257  2246  2294  2246  2254  2257  2257  2257  2251 

6.64  ,  6.38  6.64  6.50  6.54  6.50  6.60  6.64  6.64  i  6.64  ;  6.56 

2550  2550  2550  2550  2550  2550  2550  2550  '2550  2550  !  2550 


Amount  and  specific  gravity. 


162 
1.009: 
264  I 
1.009 
304  I 
1  1.008: 

I  547  i 
j  1.007: 
I  278  ! 

I  1.008 

loss  i 

i  1.C08 


1799 

I.OIO 


Urine  N. 
Feces  N. 
Total  .  . 


Urea  N.  Weight  and  per 
cent. 


Ammonia  N.  Weight  and 
per  cent. 


{in  grams  N 
in  per  cent. 


in  per  cent,  of  Total  N. 


Crea-  f  ! 
tinine  j 


2650 

1.008 


5.08  5.28  I  5.49 

0.61  2.04  0.75 

5.69  7.32  6.24 


in  grams  N . 

in  per  cent,  of  Total  N. 
Coefficient.  .... 


3-70 

3-915 

4.07 

3.66 

4.268 

i 

4.664 

73-0 

74.0 

74.0 

77.0 

75-3 

74.7  1 

0.015 

0.018 

0.017 

3.0 

4.0 

3-4  : 

0.031 

0.027 

0.033 

4.3 

3-4 

3.8 

0.023 

.  .  . 

0.022 

0.025 

3-3 

3-1 

3.0  1 

0.018 

0.016 

2.2 

2.1 

0.015 

0.024 

0.125 

2.4 

.  .  . 

3-0 

0.060 

0.069 

3.0  j 

3.1 

3-1 

J 

1 

0.144 

0.162 

0.22 

0.16 

0.176 

0.20 

2.8 

3-1 

4.0 

3-4 

3.1 

.  .  . 

3-1 

1 

0.50 

.  .  . 

0.50 

0.90 

0.70 

0.50 

0.70 

•378 

.410 

.378 

7.4 

7.5 

8.0 

4.8 

S-2 

4.8 

1900  2565  I 

1.009  i.oo8j 


162 

1.009 

200 

i.ocio 

410 

i.ooC 

800 

1.005 

34S 

1.008 

1045 

1.009 


1654  -2545  1 2962 

I.OIO  1.007:  .  . 


74  5.67  I  6.24  I  5.46  5.87 

>6  1. 19  !  1.06  :  0.52  1.62 

60  ;  6.86  7.30  5.98 


390,  .370 

6  6.9 

o  !  4.7 


Jan.  31. 

Feb.  I.  ; 

Feb.  2.  I 

Feb.  3.  1 

Feb.  4 

Feb.  5.  1 

Feb.  6. 

Feb.  7. 

Feb.  8.  1 

Feb.  9. 

Feb.  10. 

Feb.  n. 

Feb.  12. 

Feb.  13. 

; 

1-5  g. 

j 

; 

*g..  I 

1 

*.5  g. 

>.s  g.  ! 

KggN.  j 

Egg  N.  j 

j 

Egg  N. 

1 

Egg  N.  1 

79.26  i 

78.92 

79.03  j 

79.62 

79.15  1 

79.49  1 

79.26  j 

79.49 

79.03 

78.92 

79.26 

79.15 

79.15 

79.15 

2276 

2249 

2449 

2279 

2249 

2429 

2284 

2284 

2257 

2410 

2289 

2291 

2406 

2285  ! 

6.56 

6.54 

8.42  : 

6.60 

6.54 

8.48  ’ 

6.62 1 

6.62 

6.64 

8.24 

6.72 

6.74  i 

8.14  1 

6.68 

2550 

2550  i 

2550 

2550 

2550  ^ 

2550 

2550 

2550 

2550 

2550 

2550  ^ 

2550 

2550 

2550 

1 

108 

100  1 

90 

j 

68 

1.014 

.  .  .  1 

I.014’ 

... 

318  1 

260 

314 

.  .  .  ! 

180 

1.009 

...  1 

I.oioi 

1.008; 
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Chart  I.  The  curve  shows  the  relation  of  nitrogen  output  to  the  intake.  The  abscissa  indicates  the  dates ;  the  ordi¬ 
nate,  nitrogen  in  grams.  The  continued  line  indicates  the  intake;  the  dotted  line,  the  output. 
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